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BIARYL COMPOUNDS AS SERINE PROTEASE INHIBITORS 

DESCRIPTION 

Cross-Reference to Related Applications 

This application is a continuation-in-part of copending U. S. applications S.N. 
60/241,848 ffled October 20, 2000 and entitled "Inhibitors for Activated Blood 
Coagulation Factor Vila (FVIIa)*' and S«N. 60/281,735 ffled April 6, 2001 and 
entifled **Biaryl Compounds as Serine Protease Inhibitors" 

Technical Field 

The present invention relates to the id^tifLcation, through synthesis and testing, 
of horetofore unreported compounds which, in appropriate pharmaceutical compositions, 
exert a therapeutic effect through reversible inhibition of serine proteases. 

Background of Invention 

Serine proteases make up the largest and most extensively studied group of 
proteolytic enzymes. Their critical roles m physiological processes extend over such 
diverse areas as blood coagulation^ fibrinolysis, complement activation, reproduction, 
digestion, and the release of phy siologically active peptides. Many of these vital 
processes begin with cleavage of a single peptide bond or a few peptide bonds in 
precursor protein or peptides. Sequential limited proteolytic reactions or cascades are 
involved in blood clotting, fibrinolysis, and complement activation. The biological 
signals to start tiiese cascades can be controlled and amplified as well. Suxularly, 
controlled proteolysis can shut down or inactivate proteins or peptides through single 
bond cleavages. 
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While serine proteases are physiologically vital, they also can be hazardous. 
Their proteolytic action, if uncontrolled, can destroy cells and tissues through degradation 
of proteins. As a natural safeguard in normal plasma, 1 0% of the protein matter is 
composed of protease inhibitors. The major natural plasma inhibitors aie specific for 

5 serine proteinases. Diseases (associated protease given in the parentheses) such as 
pulmonary emphysCTia (caihepsin G), adult respiratory distress syndrome (chymases), 
and pancreatitis (trypsin, chymotrypsin, and others) are characterized by uncontrolled 
serine proteases. Other proteases appear to be involved in tumor invasion (plasmin, 
plasminogen activator), viral transformation, and inflammation (kallikrem). Thus the 

10 design and synthesis of specific inhibitors for this class of proteinases could offer major 
therapeutic benefits. 

Thrombus fonnation, that is blood coagulation, is nonnaUy initio 
injury; its normal purpose is to slow or prevent blood loss and facilitate wound healing. 
15 There are other conditions, however, not directly connected with tissue injury that may 
promote the coagulation process and lead instead to hamlful consequences; examples of 
such conditions are atherosclCTOsis and inflammation. 

The complex pathways of blood coagulation involve a series of enzyme reactions 
20 in which plasma coagulation factors, actually enzyme precursors or zymogens, are 
sequentially activated by limited proteolysis. Blood coagulation, or the coagulation 
cascade, is viewed mechanistically as two pathways, the extrinsic and the intrinsic (Fig. 
1). Each pathway proceeds through a sequence of the Roman-numeral-designated factors 
until they converge at the iactivation of fector X aft^ merger of the pathways. Thrombin 
25 generation proceeds stepwise through a common pathway. Thrombin then acts on the 
solution plasma protein, fibrinogOT, to convert it to stable insoluble fibrin clots, thus 
completing the coagulation cascade. 



2 
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The extrinsic pathway is vital to the initiation phase of blood coagulation while 
the intrinsic pathway provides necessary factors in the maintenance and growth of fibrin. 
The initiation of the coagulation cascade involves the release of tissue factor (TF) from 
injured vessel endothelial cells and subCTidothelium. TF then acts upon factor VH to form 

5 the TF/FVna complex (where Vila designates the activated factor rather than the 

zymogen form). This complex initiates coagulation by activating factors DC and X. The 
resulting factor Xa forms a prothrombhiase complex that activates prothrombin to 
produce tiie thrombin ttiat converts fibrinogen to insoluble fibrin. M contrast, the 
intrinsic system is activated in vivo vfhm certain coagulation protdns contact 

10 subendothelial connective tissue. In the sequence that follows, contact factors XII and XI 
are activated. The resulting fectorXIa activates factor IX; then factor DCa activates 
. fectorX thereby intersecting with the extrinsic pathway. 

With time, the TF/TVnia complex (of the extrinsic pathway) loses activity due to 
15 the action of tissue factor pathway inhibitor (TFPr), a Kuiiitz-type protease inhibitor 
protein which, when cpiiiplexed with factor Xa, can inhibit the proteolytic activity of 
•np/FViOh. Ifthe extrinsic system is inhibited, additional factor Xa is produced througji 
the thrombin-mediated action in the intrinsic pathway. Thrombin, therefore, «ierts a dual 
catalytic role in (a) the conversion of fibrinogen to fibrin and (b) mediating its own 
20 production. The autocatalytic aspect of thrombin production affords an important 

safeguard agjunst excessive blood loss, and, assuming presence of a threshold level of 
prothrombin!^, ensures that the blood coagulation process will go to completion. 

While the ability to fonn blood clots is vital to survival, there are disease states 
25 • wherein the formation of blood clots within the circulatory system can cause death. 
When patients are afflicted with such disease states, it is not desirable to completely 
inhibit the clotting system because Ufe-thieatening hemorrhage would fbUow. Thus, it is 
highly desirable to develop agents that inhibit coagulation by inhibition of factor Vila 
wi&out directly inhibiting thrombin. 

3 
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Need for the prevention of intravascular blood clots or for anti-coagulant 
treatment in many clinical situations is well known. Drags in use today are often not 
satisfectory. A hi^ percentage of patients who suffer internal injuries or undergo certain 

5 surgical procedures develop intravascular blood clots which, if unchecked, cause death. 
In total hip replacement surgery, for exan:5)le, it is reported that 50% of the patients 
develop deep vein tiirombosis (DVT). Current approved therapies involve administration 
of heparin in various forms, but results are not entirely satisfactory; 10-20% of patients 
suffer DVT and 5-10% have bleeding complications. Along these lines, see International 

10 PublicationNo. WO 00/15658. 

Other examples of clinical situations for which better anticoagulants would be of 
great value are when patients undergo transluminal coronary angioplasty and treatment . 
for myocardial infsurction or crescendo angina. The present therapy for these conditions 

15 is administration of heparin and aspirin, but this treatment is associated with a 6-8% 
abnq)t vessel closure rate within 24 hours of the procedure. Transfusion therapy due to 
bleeding complications is required in approximately 7% of cases following the use of 
heparin. Occurrences of delayed vessel closures are also significant, but administration 
of heparin after termination of the procedure affords Uttle beneficial effect and can be 

20 detrimental. 

Heparin and certain derivatives thereof are the most commonly used anti-clotting 
agents. These substances exert their effects mdiilyttut)ugihinactivation of fl^ 
which is inactivated 100 times faster than factor Xa- Two other thiombin-specific 
25 anticoagulants, hirudin and hirulog, are in clinical trials (as of September 1999). 
However, bleeding complications are associated with these agents. 

In preclinical studies in baboons and dogs, the targeting of enzymes involved in 
earlier stages of the coagulation cascade, such as factor Vila or factor Xa, prevents clot 

4 
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formation and does not produce bleeding side effects observed 
inhibitors* 

Several preclinical studies reveal that inhibition of TF/FVIIa offers the widest 
5 window of therapeutic effectiveness and safety wifli respect to bleeding risk of any 
anticoagulant approach tested including thrombin, platelet, and factor Xa inhibition. 

A specific inhibitor of factor Vila would provide clinicians with a valuable and 
needed agent that would be safe and effective in situations where the present drugs of 
10 choice, heparin and related sulMed polysaccharides, are no better than marginally 
effective. 

There exists a need for a low molecular weight specific serine protease inhibitors 
specific toward various enzymes, particularly for factor VHa that does not cause 
15 unwanted side effects- 
Figure 1. Pathways of Coagulatioii 
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The figure illustrates the extrinsic and intrinsic pathways of blood coagulation. 

Summary of Invention 

An aspect of the present invention relates to compounds represented by the 
formula: 



^^^^Z — W B 



(R2) ; pharmaceutically 

acceptable salts thereof; 
^ and prodrugs thereof. 



0) 



X 
(A) 



Each and L individually is a 5 to 7 membered saturated or unsaturated carbon ring, 5 
to 7 membered saturated or unsaturated hetero ring, bicyclic saturated or unsaturated 
carbon ring, bicyclic saturated or unsaturated hetero ring, or 1-8 hydrocarbon chain which 
may be substituted with one or more hetero groups selected from N, O, S, S(0), and 
S(02) which may be saturated or unsaturated. The bicyclic rings typically contain 7-13 
atoms in the ring. 

R is -CH=CH:R^ -C-C«R^ -C(R^)=CH2, .C(R')=C(R^ -CH=NR\ -C(R')=N-R\ 4-7 
membered saturated or unsaturated carbon ring system with or without substitution, 4-7 
membered saturated or unsaturated hetero ring system with or without substitution, or 
chain of 2 to 8 carbon atoms having 1 to 5 double or triple bonds with substitutions 
selected from K\ R^ or R^ 
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r' is H, -R, -NO2, -CN, -halo, -N3. -C m alkyl, -(CH2)„C02R\ -Ca-salkenyl-COzR*. 
-0(CH2)„C02R^ -C(0)NR^R\ -P(0)(0R^)2. alkyl substituted tetrazol-5-yl, 
-(CH2)„0(CH2)„ aiyl. -NRV, -(CH2)„ 0R^ -(CH2)„ SR^ -N(R2)C(0)R^ -S(02)NR'R\ 
-N(R')S(02)R\ -(CHR^^^R'R^ -C(0)R^ (CH2)„ N(R')C(0)R\ -N(R')CRV 
substituted or unsubstituted (CH2)n-cycloalkyl, substituted or unsubstituted (CH2)tt- 
phenyl, or substituted or unsubstituted (CH2)n-heterocycle which may be saturated or 
unsaturated. 

m is 1 except that when is a cyclic ring of more Hian 5 atoms, then m is I or higher, 
depending upon the size of the ring. 

R^ is H, -halo, -alkyl, -haloalkyl, -(CH2)n -phenyl, -(CH2)i-3-biphenyl, -(CH2)i^-Ph- 
N(S02-Ci-2-alkyl)2, -C.0(CHR')„-0R\ -(CHR')„-heterocycle, -(CHR^)„-NH-C0-R\ 
-(CHR')n-NH-S02R', -(CHR*)„-Ph-N(S02-Cw-alkyl)2, -(CHR')„-C(0)(CHR')-NHR'. 
-(CHR*)„-C(SXCHR^)-NHR', -(CH2)nO(CH2)„CH3, -CF3, -C2^ acyl. -(CHR')„0H, 
-(CHR')„C02R\ -(CHR'VO-alkyl, -(CHR')i,-0-(CH2VO-alkyl, -(CHR' VS-alkyl, 
-(CHR')„-S(0)-alkyi, -(CHR')„-S(02>alkyl, -(CHR')n-S(02)-NHR^ -(CHRVNs, 
-(CHR\NHR^2 to 8 carbon atom alkene chain having 1 to 5 double bonds, 2 to 8 
carbon atom alkyne chain having 1 to 5 triple bonds, substituted or unsubstituted- 
(CHR^)n heterocycle, or substituted or unsubstituted-(CHR^)„ cycloalkyl which may be 
saturated or unsaturated. 

When n is more than 1, the substitutions R' and R^ may be same or different. 

R' is H, -OH, -CN, substituted alkyl, -Cj^s alkenyl, substituted or unsubstituted 
cj^loalkyl, -N(R')R^ or 5-6 monbered saturated substituted or unsubstituted hetero ring. 

-NR^R' may form a ring systan having 4 to 7 atoms or may be bicyclic ring. The ring 
system may be of carbon or hetero atoms and further it may saturated or unsaturated and 
also may be substituted or unsubstituted. 
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W is a direct bond, -CHR^-, -CH=CR\ -CR2=CH-. -CR^=CR'-, -C=C-, -0-CHR'-, 
-CHR'-O-, -N(R')-C(0)-. -C(0)-N(RV, -N(R^).CH-(R^)-, -CH2-N(R')-, 
-CH(R VN(R>. -S-CmS -CHR'-S-, -S(02)-N(R'K -C(0)N(R2HCHR2)^^^ 
5 -C(R'R')n-NR'-, -N(R.')-S(02K -R'C(0)NR^ -R'NC(0)NR'-, -CONR'CO-, - 
C(=NR')NRS -NR*C(=m^)NR^ -NR^D-. -N=NCHRS or -C^^^ 

is 5 to 7 membered saturated or unsaturated carbon ring, 5 to 7 niembered saturated or 
unsaturated hetero ring, bicyclic ring system, Ci^ alkyl, Cz^ alkenyl, C2^ sSkynyi, 
. 10 alkylaryl, araJkyl, aralkenyl, aralkynyl, alkoxy, alkylthio, or alkylamino. 

each X in<Kvidually is a direct bond, substituted or unsubstituted Cw methylene chain; O, 
S, NR^ , S(0), S(02), or N(0) containing one or two Ci^ substituted or unsubstituted 
meth^eae chains. X at differait places may be same or different. 

B is H. -halo, -a^, -(CH2)„<K=>'R*)1^^ -^CHzV]^ 
(CH2)n^iHC(=NR'')NR^ -(CH2)n-OR*, Q substituted or unsubstituted alkyl. substituted 
or unsubstituted ring system having 4 to 7 caibon or hetero atoms which may be saturated 
or unsaturated. 

20 

B' is selected from B; B' and B may be same or different. 

There may be more than one similar or different R^ groups present on E^, when is a 
cyclic groiq) of more than 5 atoms. In particular, p is 1 except that when is a cyclic 
ring of more than 5 atoms, p is 1 or higher dqjending upon flie size of the ring. 

n is 0-4 

A is selected from R^ 



8 
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o is 1 except that when L is a cyclic ring of more than 5 atoms, o is 1 or higher d^ending 
iqpon the size of the ring. 

Each V and V* indi^dually is selected firom R' and N-alkyl substituted carboxamidyl (- 
CX)NHR) where the alkyl groiq) may be stiai^t, branched, cyclic, or bicyclic; N,N- 
disubstltated carboxamidyl (-CONR1R2 where Ri and R2 may be substituted or 
unsubstituted alkyl or aryl and may be the same or different); mono- or disubstituted 
sulfonamides (SO2NHR or -S02NRiRa); «o.d methylene- or polymethyleae chain- 
extended variants th^of. 

Each R" and R^ individuaUy is H, -(CH2)„0H, -C(0)OR^ -C(0)SR^ -(CH2)» 
C(0)NR'R', -0-C(0)-0-R', an amino acid or a ^pq>tide, 

Each R« is H, R', -CXRWHCH2)n<)-C(0>R^ -(CTaVCCRW^^ -(CH2V 
CX3R')(R')^C(0)-0-R^ or -C(R')(R»HCH2)„-<^ 

Each R^, R* and R' individually is H, alkyl, substituted alkyl, aryl, substituted aryl, 
alkenyl, substituted alkenyl, alkynyl, substituted allqniyl, heterocycle, substituted 
hetCTOcycle, alkylaryl, substituted allq^aryl, cycloalkyl, substituted cycloalfcyl, or 
CH2C02alkyL 

The pres&at invention also relates to pharmaceutical compositions containing at 
least one of the above disclosed compounds and their prodrugs. 

A further aspect of the present invention relates to a method for inhibiting trypsin- 
like serine protease enzymes, such as thrombin, factor Xa, factor Vila, TFAOIa, and 
trypsin in a patient which comprises administering to the patient an effective serine 
protease inhibiting amount of at least one of the above disclosed compounds. 
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Still other objects and advantages of tiie present invention will become readily 
apparent by those skilled in the art from the following detailed description, wherein it is 
shown and described preferred embodiments of the invention, simply by way of 
illustration of the best mode contemplated of carrying out the invention. As will be 
5 realized &e invention is capable of other and different embodiments, and its several 
details are capable of modifications in various obvious respects, without departing from 
the invention. Accordingly, the description is to be regarded as illustrative in nature and 
not as restrictive. 

10 Best and Various Modes for Carrying Out Invention 



15 



An aspect of the presoit invention relates to compounds represented by the 



formula: 



I I 

(R^)— — W — E2 B 



' phannaceutically 

20 I ^ ^ acceptable salts thereof; 

— V and prodrugs thereof. 



25 \ ^ 

(A)^ 

Each E' and L individually is a 5 to 7 mraibered saturated or unsaturated carbon ring, 5 
30 to 7 membered saturated or unsaturated hetero ring, bicyclic saturated or unsaturated 

carbon ring, bicyclic saturated or unsaturated hetero ring, or 1-8 hydrocarbon chain which 
may be substituted with one or more hetero groups selected from N, O, S, S(0), and 
S(02) which may be saturated or unsaturated. 



10 
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R is -CH=CH-R^ -C^-R^ -C(R^)=CH2. -C(R^)=C(R^), -CH=NR^ -C(RVN-R\ 4-7 
memboed saturated or unsaturated caibon ring systemwitb or without substitution, 4-7 
membered saturated or unsaturated hetero ring system with or without substitution, or 
chain of 2 to 8 carbon atoms having 1 to 5 double or triple bonds with substitutions 
5 selected fiom R' , R^ or R^ Preferably, these R, r' , R^ or B? do not include -(Cj^ 

alkenyl)-C02-Ci.8 alkyl, -(Ca-* alkenyO-COa-Ci-g alkyl-phenyl, and -(Cj^ alkenyl)-C02- 
Ci^alkyl-O-CMalkyl. 

R' is H, -R, -NO2, -CN, -halo, -N3, -C i-g alkyl. -(CH2)„C02R^ -Cj-a alkenyl-C02R^ 
10 -0(CH2)nC02R^, -C(0)NR^R^ -P(0)(0R^)2, alkyl substituted tetrazol-5-yl, 

-iCH2WCll2)n aiyU -NR'R', -(CHz), 0R^ -(CH2)„ SR\ -N(R')C(0)R^ -S(02)NRV, 
-N(R^)S(02)R^ -(CHR\ NR^R^ -C(0)R^ (CH2)„ N(R^)C(0)R\ -N(R^)CR^R^ 
substituted or uusubstituted (CH2)n-cycloalkyl, substituted or unsubstituted (CHiX- 
phenyl, or substituted or unsubstituted (CHaVl^etarocycle which may be saturated or 
IS unsaturated. 

m is 1 excq>t that wh^ E' is a cyclic ring of more than 5 atoms, then m is 1 or higher, 
depending i^n the size of ttie ring. For instance if the ring is 6 atoms, m can be 1 or 2. 

20 R^ is H, -halo, -alkyl, -haloalkyl, -(CHi)„ -phenyl, -(CH2)i.3-biphenyl, -(CH2)M-Ph- 
N(S02-Ci.2-alkyl)2, -C0(CHR')„-0R', -(CHR'Vheterocycle, -(CHR')„-NH-C0-R*, 
-(CHR')n-NH-S02R', -(CHR')„-Ph-N(S02-C,-2-alkyl)2, -(CHR^)„-C(0)(CHR')-NHR'. 
-(CHR')„-C(S)(CHR')-NHR', -(CH2)„0(CH2)„CH3, -CF3, -C2-5 acyl, -(CHR')„0H, 
-iCHR\CQ2R\ -(CHR\-0-alkyl, -(CHR')„-0-(CH2)„-0-alkyl, -(CHR^-S-alkyl. 

25 -(CHR' VS(0>alkyl. -(CHR')„-S(02)-alkyl, -(CHrVS(02)-NHR'. -(CHR'VNj. 
-(CHR')nNHR*. 2 to 8 carbon atom alkene chain having 1 to 5 double bonds, 2 to 8 
caibbn atom alkyne chain having 1 to 5 triple bonds, substituted or unsubstituted- 
(CHRV heterocycle, or substituted or unsubstituted-(CHR\ cycloalkyl which may be 
saturated or unsaturated. 

11 
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When n is more ttian 1, the substitutions and may be same or different 

is H, -OH, -CN, substituted alkyl, -C2^ alkenyl, substituted or unsubstituted 
cycloalkyl, -N(R')R^, or 5-6 membered saturated substituted or unsubstituted hetero ring. 

5 ' 

-NR^R* may form a ring system having 4 to 7 atoms or may be bicyclic ring. The ring 
system may be of carbon or hetem atoms and further it may saturated or unsatniated and 
also may be substituted or unsubstituted. 

10 W is a direct bond, -CHR^-. .CH=CR^-, -CRM:H-, -CR'=CR^-, -CbC-. -0-CHR^ 
-CHR^^-. -N(R2)-C(0)-, -C(0)-N(RV, -N(R^)-CH-{R^)-. -CH2-N(RV, 
-CH(R')-N(R')-, -S-CHB}., -CHR^-S-, .S(02)-N(R'K -C(0)N(R^KCHRV. 
-CCR'rVNR^ -N(R^)-S(02h -R^C(0)NR'-. -R'NC(0)NR'-, -C0NR=^C0-, - 
C(=NR^)NR\ -NR^C(=NR')NR^ -NR'O-. -N=^NCHRS or -C(Q)NR^S02-. 

15 

is -5 to 7 membered saturated or unsaturated carbon ring, 5 to 7 membered saturated or 
unsaturated hetoro ring, bi<^lic ring system, Ci^ alkyl* C2-8 aUkmyU Ci^ alkynyl, 
alkylaryl, aralkyl* aralkenyl, aralkynyl, alkoxy, aUcylthio, or aJkylamino. 

20 each X individually is a direct bond, substituted or unsubstituted Cm methylene chain; O, 
S, NR^ , 8(0), SiOz), orN(O) containing one or two Cm substituted or unsubstituted 
methylene chains. X at different places may be same or different. 

B is H, -halo. -CN, -NH2, -(CH2)„-C(=^IR'')NHR^ -(CH2)„-NHR^ - 
25 (CH2)„^IHC(=NR'^^m^ -(CH^V0R^Cl^ substituted or imsubstituted^^ 

or unsubstituted ring system having 4 to 7 carbon or hetero atoms which may be saturated 
or uiisaturated. 

B' is selected from B; B' and B may be same or diflferent. 

12 
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There may be more than one similar or different groins present on when £^ is a 
cyclic system of more than 5 atoms, p is 1 or higher if is a cyclic ring of more flian 5 
atoms. For example, if the ring is 6 atoms, p can be 1 or 2, 

5 his 0-4 

A is selected from R*. 

o is 1 except that v/bea L is a cyclic ring of more than S atoms, o is 1 or hightf d^iending 
upon the size of the ring. For instance, if the ring is 6 atoms, o can be 1 or 2. 

10 , 

Each V and V' iadividually is selected from R' and N-alkyi substituted caiboxamidyl (- 
CONHR) where the alkyl group may be straight, branched, cyclic, or bicyclic; 23,H- 
disubstituted carboxamidyl (-CONR1R2 where Ri and R2 may be substituted or 
onsubstituted alkyl or aryl and may be the same or different); mono- or disubstituted 

15 sulfonamides (SO2NHR or -SOaNRiRa); and methylene- or polyme&ylene chain- 
extended variants thd?eof 

Each R^ and R^ individuaUy is H, -(CH2)„OH, -C(0)OR^ -C(0)SR*, -(CHj). 
C(0)NR'R^ -0-C(0)-0-R^, an amino acid or a d^jcptifde, 

20 

Each R'^is H, R'. -C(R')(RV(CH2)n-0-C(0)-R', -(CH2VC(R')(RV0-C(0)R^ -(CH2V 
C(r')(R*)-0-C(0)-0-R', or -C(R WHCH2)„-0-C(0)-0-R', 

Each R', R* and R' individually is H, alkyl, substituted alkyl, aryl, substituted aryl, 
25 alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, heterocycle, substituted 
heterocycle, alkylaryl, substituted alkylaryl, cycloalkyl, substituted cycloalkyi, or 
CHzCCbalkyl. 
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R substituent groups employed pursuant to the present invention contribute to 
significantly enhanced activity of the compounds of the present invention. 

Listed below are definitions of various terms used to describe this invention. These 
5 definitions apply to the terms as they are used throughout this specification, unless 
otherwise limited in specific instances, either individually or as part of a larger group. 

The term "'alkyr refers to straight or branched chain unsubstituted hydrocarbon 
groups of 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms. The expression "lower 
10 alkyl" refers to unsubstituted alkyl groups of 1 to 4 carbon atoms. 

The terms "alkenyl" and "alkynyl" refer to straight or branched chain 
unsubstituted hydrocarbon groups typically having 2 to 8 carbon atoms. 

15 The terms "substituted alkyl", "substituted alkenyl" or substituted alkynyl" refer 

to an alkyl, alkenyl or alkynyl gfovp substituted by, for example, one to four substituents, 
such as halo, trifluoromefliyl, trifiuorometiioxy, hydroxy, alkoxy, cycloalkyloxy, 
heterocyclooxy, oxo, alkauoyl, aryloxy, alkanoyloxy, amino, alkylamlno, arylamino, 
aralkylamino, cycloalkylamino, heterocycloamino, disubstituted amines in which the 2 

20 amino substituents are selected from alkyl, aryl or aralkyl, alkanoylanaine, aroylamino, 
aralkanoylamino, substituted alkanolamino, substituted arylamino, substituted 
aralkanoylanuno, thiol, alkylthio, arylthio, aralkylthio, cycloalkylthio, heterocyclothio, 
alkylthiono, arylthiono, aralkylthiono, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, 
sulfonamido (e.g. SO2NH2), substituted sulfonamido, nitro, cyano, carboxy, carbamyl 

25 (e.g. COlSIHa), substituted carbamyl (e.g. CONH alkyl, CONH aryl, CONH aralkyl or 
cases where there are two substituents on the nitrogen selected fi'om alkyl, aiyl or 
aralkyl), alkoxycaibonyl, aryl, substituted aryl, guanidino and heterocyclos, such as 
indolyl, imidazolyl, fiuyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, pyrimidyl and the like. 
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Where noted above where the substituent is further substituted it will be with halogen, 
alkyi, alkoxy, aryl or aralkyL 

The tenh ^'halogen^^ or '"halo"' refers to fluorine, chlorine, bromine and iodine. 

5 

The term "aryl" refers to monocyclic or bicyclic aromatic hydrocarbon groups 
having 6 to 12 carbon atoms in the ring portion, such as phenyl, naphthyl, biphenyl and 
diphenyl groups, each of which may be substituted. 

10 The term "aralkyl" or "alkylaryr refers to an aiyl group bonded directly through 

an alkyl group, such as benzyl or phenethyl. 

The terai "substituted aryl** or "substituted alkylaryl'* refers to an aryl group or 
alkylaryl group substituted by, for example, one to four substituents such as allcyl; 

IS substituted alkyl, halo, trifluoromethoxy, trifluoromethyl, hydroxy, alkoxy, azido, 

cycloalkyloxy, heterocyclooxy, alkano)4, alkanoyloxy, amino, alkylamino^ aralkylamino, 
hydroxyalkyl, aminoalkyl, azidoalkyl, alkenyl, alkynyl, allenyl, cycloalkylamino, 
heterocycloamino, dialkylaroino, alkanoylamino, thiol, alkylthio, cycloalkylthio, 
heterocyclothio, ureido, nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, 

20 alkylthioiio, arylthiono, alkysulfonyl, sulfonamido, aryloxy and the like. The substituent 
may be further substituted by halo, hydroxy, alkyl, alkoxy, aryl, substituted aryl, 
substituted alkyl or aralkyL "Substituted benzyr refers to a benzyl group substituted by, 
for example, any of the groups listed above for substituted aryl. 

25 The term "cycloalkyl" refeirs to optionally substituted, saturated cyclic 

hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per ring 
which may be further fiised with an unsaturated C3-C7 carbocyclic ring. Exemplary 
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
cyclodecyl, cyclododecyl and adamantyl. ExCTiplary substituents include one or more 
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alkyl groups as described above, or one or more groups described above as alkyl 
substituents. 

The term "cycloalkenyl" refers to optionally substituted, unsaturated cyclic 
hydrocarbon ring systems, preferably containing 1 to 3 rings and 3-7 carbons per ring. 
Exemplary groups include cyclopratenyl and cyclohexenyl. 

The terms ••heterocycle", "heterocyclic" and **heterocyclo" refer to an optionally 
substituted, fully saturated or unsaturated, aromatic or nonaiomatic cyclic group, for 
example, which is 4 to 7 membered monocyclic, 7 to 1 1 membered bicyclic, or 10 to 15 
membered tricyclic ring system, which has at least one heteroatom in at least one carbon 
atom-containing ring. Each ring of the heterocyclic group containing a heteroatom may 
have 1, 2 or 3 heteroatoms selected from nitrogen atoms, oxygOT atoms and sulfur atoms, 
where the nitrogen and sulfiff heteroatoms may also optionally be oxidized and the 
nitrogen heteroatoms may also optionally be quatemized. The het^ocyclic group may be 
attached at any heteroatom or caibon atoms. 

Exemplary monocyclic heterocyclic ffxyups include pyrrolidinyl, pyrrolyl, indolyl, 
pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl, oxazolyl, 
oxazolidinyl, isoxazolmyl, isoxazolyl, thiazolyl, thiadiazolyl, fliiazolidinyl, isothiazolyl, 
isothiazolidinyl, fiiryl, tetrahydrofuryl, thienyl, thiophenyl, oxadiazolyl, piperidinyl, 
piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxazepinyi, 
azepinyl, 4-piperidonyl, pyridyl, dihydropyridyl, N-oxo-pyridyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, tetrahydropyranyl, tetrahydrotiiiopyranyl, tetrahydrothiopyranyl sulfone, 
inoipholinyl, thiomorpholinyl, thiomoipholinyl sulfoxide, thiomorphblinyl sulfone, 1,3- 
dixolane and tetrahydro-l, 1-dioxothienyl, dioxanyl, isottiiazolidinyl, thietanyl, thiiranyl, 
triazihyl and triazolyl and tiie like. 
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Exemplary bicyclic heterocyclic groups include ben2X)thiazolyl, benzoxazolyl, 
benzothienyl, quinuclidinyl, quinoliuyl, quinolinyl-N-oxide, tetrahydroisoquinolinyl, 
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl, chromonyl, 
coumarinyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolapiidyl, furopyridinyl (such as 
fiiro[2,3-c]pyridinyl, furo[3,l-b]pyridinyl, or £uro[2,3-b]pyridinyl), dihydroisoindolyU 
diyhydrpquinazolinyl (such as 3,4-dihydro-4-oxo-quinazoiinyl), benzisothiazolyl, 
benzisoxazolyl, benzodiazinyl, benzofurazanyl, benzothiopyranyl, benzothrasolyl, 
benzpyrasolyl, dihydrobenzoiuryl, dihydrobenzothienyl, dihydrobenzofhiopyranyl, 
dihydrobenzothiopyranyl sulfone, dihydrobenzopyranyl, indolinyl, isochiomanyl, 
isoindolinyl, naphthyridinyl, phthalazinyl, piperonyl, purinyl, pyridopyridyl, 
quinazolinyl, tetrahydroquinolinyl, theinpfuryl, thienopyridyl, thienothienyl, and the like. 

Exemplary substituents iuclude one or more alkyl groups as described above or 
one or more groiq)s described above as alkyl substituents. 

Within the above-described definitions, certain embodm 
Preferred alkyl groups are lower alkyl groiq)s containing 1 to about 8 carbon, and more 
preferably 1 to about 5 carbon atoms, and can be straight, branched-chain or cyclic 
saturated aliphatic hydrocarbon groups. 

Examples of suitable alkyl groups include methyl, ethyl and propyl. Examples of 
branched alkyl groups include isopropyl and t-butyl An example of a suitable alkylaryl 
groiq) is phenethyL Examples of suitable cycloalkyl groups typically contain 3-8 carbon 
. atoms and mclude cyclopropyl, cyclobutyl, cyclopmtyl and cydohexyl. The aromatic or 
iaryl groups are preferably phenyl or alkyl substituted aromatic groups (araOcyl) such as 
phenyl C1-3 alkyl such as benzyl. 

The N-heterocyclic rings preferably contain 3-7 atoms in the ring and a 
heteroatom such as N, S or O in the ring. Examples of suitable preferred heterocyclic 
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groups are pyrrolidino, azetidino, piperidino, 3,4-didehydropiperidiiio, 2- 
methylpiperidino and 2-ethylpiperidino- In addition, the above substitutions can include 
halo such as F, CI, Br, lower alkyl, lower alkoxy and halo substituted lower alkoxy. 

Examples of some preferred B groups include -^NHC(=NH)NH2, -C(^NH)NH2, 
MH2> various H-substituted variants, and assorted prodmg derivatives. 

Prodmg forms of the compounds bearing various nitrogen functions (amino, 
hydroxyamino, hydrazino, guanidino, axnidino, amide, etc.) may include the following 
types of derivatives where each R group individually may be hydrogen, substituted or 
unsubstituted alkyl, aryl, alkenyl, alkynyl, heterocycle, alkylaryl, aralkyl, aralkenyl, 
aralkyuyl, cycloalkyl, or cycloalkenyl groups as defined begLaning on page 7. 

(a) Carboxamides, -NHC(0)R 

(b) Carbamates, -NHC(0)OR 

(c) (Acyloxy)alkyI carbamates, -NHC(0)OROC(0)R 

(d) Enamines,-l^CR(<HCR02R)or-l^CR(=CHCRO^^ 

(e) Schiff bases, -N=CR2 

(f) Maimich bases (from carboximide compounds), RCONHCH2NR2 

Preparations of such prodmg derivatives are discussed in various literature 
sources (examples are: Alexander et aL, I Med Chem, 1988, 3i, 318; Aligas-Maitin et 
al, PCT WO pp/4153 1, p. 30). The nitrogen function converted in preparing these 
derivatives is one (or more) of the nitrogen atoms of a compound of the invention. 
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Prodrug forms of caiboxyl-bearing compoimds of the invention include esters 
(-CO2R) where the R group corresponds to any alcohol whose release in the body through 
CTzymatic or hydrolytic processes would be at phaimaceutically acceptable levels. 
Another prodrug derived from a carboxylic acid form of the invention may be a 
quatonary salt type 

RC(-0)OCHN— 

.R ■ ' 

of Structure described by Boder a/., J. Med. Chem. 1980, 23, 469. 

Btainples of some preferred groups for W are -CH2C3I2-, -CH=<3I-, <^ 
CH2CH2CH2-, -CH2CH=CH-, -C2I20C-, -eONH, -CH2CONH-, -NHCONH-, 
-CONHCO-, -CONHCH2-, -C(=NH)NH-, -CH2C(=NH)NH-, -NHC(=NH)NH-, -NHNH-, 
-NHO-, -CONHSO2-, -SO2NH-, -NHSO2CH2-, -S02^^ffCT2-, -CH2O-, -CH2OCH2-, 
-OCH2CH2-, -CH2NH-, -CH2CH2NH-, -CH2NHCH2-, -CH2S-, -SCHzCHz. -CH2SCH2-, - 
CH2SO2CH2-, -CH2SOGH2-, -CH(C02H)0 and-CH(eO2H)0CH2. 

Bcamples of some preferred groups for V and are N-alkyl substituted 
caiboxamidyl (-CONHR) where the alkyl group may be straight, branched, cyclic, or 
bicyclic, and typically containing up to ten carijons; N,H-disubstituted carboxamidyl (- 
CONRiRa where Rj and Rj may be substituted or vnsubstituted all^l or aryl and may be 
the same or diffwent); mono- or disubstituted sulfonamides (SO2NHR or -SOzNRiRa); 
methylene- or polyniethylene chain- extended variants thereof such as -(CH2)»C0NHRi, 
-(CH2)„CONRiR2, -(CH2)„S02NHR,, -(CH2)„S02NRiR2 (where n = 1-4), -NHC(0)R, 
N(Ri)G(0)R2, NHSO2R, CH2NHR, CH2NR,iR2. 
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Phannaceutically acceptable salts of the compounds of the present invention 
include those derived from phaxmaceutically acceptable, inorganic and organic acids and 
bases. Examples of suitable acids include hydrochloric, hydrobromic, sulphuric, nitric, 
perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicyclic, succinic, toluene-p- 
S sulphonic, tartaric, acetic, citric, methanesulphonic, formic, benzoic, malonic, 
n^hthalme-2-sulphonic, trifluoroacetic and benzenesulphonic acids. 

Salts derived from appropriate bases include alkali such as sodium and ammonia. 

10 It is of course xmderstood that the compounds of tiie present invention relate to all 

optical isomers and stereo-isomers at the various possible atoms of the molecule. 
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The synthetic routes leading to the compounds in fonnula (J) are described in the 
following schemes. 

Scheme 1 
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Scheme 3 
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Scheme 4 




o 

22 



24 



wo 02/34711 



PCT/USOl/32582 




wo 02/34711 



PCT/USOl/32582 




wo 02/34711 



PCT/USOl/32582 




wo 02/34711 



PCT/USOl/32582 



S 



10 




Conversion of 


24ab 




25ab 




24ac 


K,I-1 ^ 


2Sac 




24ae 




2Sae 




24ad 


K,I-1 ^ 


2Saf 



15 The reduction of the fonnyl group of 24ab, 24ac, 24ae, and 24ad was accoroplislied with NaBH4 to give 
corresponding alcohols 24ab4, 24ac-i, 24ae-i, and 24ad-i, respectively. Later, the MEM groqp was 
removed under acidic conditions to give 25ab, 25ac, 25ae, and 25af, respectively. 

E,H,M 

Conversion of 24ad ^ 25ad 

20 The aldehyde 24ad was oxidized to acid 24ad4 which was protected as ben2^1 ester to give 24ad-ii. MEM 
deprotection under acidic conditions produced 25ad. 

Conversion of 24ah ^'^ > ■ 25ah 

The vmyl con^ionnd 24ah was oxidized witb Osp4 to give diol 24ah-i, followed by acidic hydrolysis of 
. tiie MEM group to produce 25ah. 

L,M,K.N,0,I-1 
Conversion of 24ah ^ 25ai 

25 

The vinyl compound 24ah on dibydroxylation widi OSO4 gave diol 24ah-i. Oxidative cleavage of the diol 
with NaI04 produced aldehyde 24ah-ii. The aldehyde on reduction ^ve alcohol 24ah-iU, v4uch on further 
reaction wi& mediane sulfonyl chloride yielded mesylate 24ah-iv. The mesylate on further reaction with 
sodium azide gave the corresponding azide 24ali"V, ^ch on acidic hydrolysis produced 25ai. 

Conversiotiof 24w ^"^'Q^ - 25w 

30 
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Scheme 6 
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30. R = 




K,N,0,M 
Conversion of 29g ^ 30g 

Aldehyde 29g was converted to alcohol 29g-i by reduction with NaBH^^ followed by the reaction of 
35 me&anesulfonyl chloride to give mesylate 29g*ii. The mesyl groiqp was displaced with azide to give 29g- 
iii and finally, the MEM group was removed under acidic conditions to give 30g. 

K,I-1 

Conversion of 29h ^ 30h 

K,i-1 
291 »-30i 

The reduction of the foxmyl group of 29h and 29i vms accomplished with NaBH4 to give coixesponding 
alcohols 29h-i and 29i-i, respectively. Later, the ^ffiM group was removed under acidic conditions to give 
40 30h and 30i, respectively. 

Compounds of the type 23 and 28, where X = -Sn(Bu)3, are prepared using the meflxods AG-l or AG-2 
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Scheme 8E 



26d- 



32f 



26ai 



26a 



27aj (R= 



•27ak(R 



27aI(R = 



27ain(R 
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CH, 

CH, 



OH 





OH 




s, ^^^^ t. ^ V'»OH <^ V. 



OH 




71. R= 




NHR 



71 6 
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Scheme 11 
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77a, 78a, 79a, 80a, R = — C=CHj ; R' « CHj 
M 



78b. 79b, R = OSOjCF,; R' = Bn; 80b, R = OH 
77b. 78c, 79c, R = -O-CHjCOjCyij; K = Bn; SOc, R= -O-CHiCOja 
77c 78d, 79d, 80d, R = -O-CH^CONHj; R' = Bn 
77d,78e,79e,80e,R=^-^ ^;R*=Bn 



77e, 78f, 79f, «0t R = O — ^ ^ ; R' = Bn 

74 ^ > 78g • ^ > 79g-^ 



78g, 79g, 80g, R = OCHy R' = CI^ 

77f,78h,79h,80h, R=^ ^CHt,: R'=Bn 

77g, 78i, 791, SOi, R = r. = fin 



77h,78j,79j,80j,R=»^O^ ;R'=Bn 

771, 78k, 79k, R = OCHj-CHj-OAc; R' = Bn; 80k, R « -O-CH^-CHj-CH 
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Scheme 12 




86 O 



86a.R=CH(OH)CH,OH 

86b,R=CH30H 

SS€,R«CO^ 
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Scheme 13 




98b— 2— ^98c»R=»-OH 
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Scheme 14 
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Scheme 16 
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114a, 115a, 116a, R= CHj; 114b. 115b, 116b, R== CjHj; 114c, 115c, 116c, R = ^^(CH,)^; 1 ISd, R = C — CCCHj), 
117a - 125a, R = CH,; R « \ JL 
117b-12Sb,R-C2H5,R = 



CH3 



;i7c - 125c. R - CHCCHJ^; R - 



CH3 



117d - 125d, R« CK^; R — ^ 

CH3 

117c - 12Sc. R^CHj; R = 
117f-125f,R=CH3;R=- 




117g«125g,R«CH3;R = 



^CF3 



117h-125h.R«CH3;R= ^ ^ -CH^ 
1171 - 1251, R = CH3; R « ""^^^"^^^Cl 
117j-125j, 



j.R-CH3;R 



117k- 125k, R = CH3;R = 



"CH, 



1171- 1251, R^CHj 
Q 



CH3 



117111- 12410, 



II f- f' 

R= C CCCHaX; R'= i 125m, R = H; R- \ 
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Scheme 16a 
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133» 134, R» (continued) 
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Scheme 18 
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Scheme 19a 
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Scheme 20 




AB-1 or AB-2 
+31f- ^ 



l<Qa,161a,R=-CH3 
HOb.ltflb.R^-C^Hs 
160c, 161c, R = -CHjCgtts 
160fl,161d.R ==-€(013)3 
160e,161c,R=-CH2-Ca3 
160f,161f,R = 



OMe 




160h, 



,161h,R-^CHj Jl^ 

"^O CH3 



160j,161i, R 




CH3 
CH3 



160j.l61j, R=/CH \1 




162a^R»-CH3 
162b,R=^.CiHs 
162c,R = ^2CiH3 
162d,R = -€(013)3 
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Scheme 21 
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Scheme 22 
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Scheme 23 




177 178 

R 



179 + 130 




183 182 
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Scheme 24 
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Scheme 25 




lS9a,i89b, mcl89d 



AE-4, 
74 ^'^ 189a 

184a ^ 189b Q >.189c 

189a,X«H,Y'=OCH3 
189b, X = OCHjCfiH,, Y H 
189c,X=OH,Y«H 
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Scheme 26 




0 

195 



1903,1923- 195a. R=H 
190b, 192b- 19511, R-CHj 
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Scheme 27 
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Scheme 28 




207 208 
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Scheme 29 
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Scheme 31 
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Scheme 32 




O 
235 
R = H 



231a, 232a, 233a, 234a, 235a, R » H 

231b, R^CX)^^!, 

2321^ 233b, 234b, R » GOjH 
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Scheme 35 




wo 02/34711 



PCTAJSOl/32582 



Scheme 36 




O 

257 
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General Methods of Preparation 

The following abbreviations have been used: 

5 THF: Tetrahydrofuran; DMF: Dimethylformamide 

DME: 1^-Dimethoxyethane; DMAP: 4-(pimethylainino)pyridine 
Boc anhydride: Di-tert-butyl dicaibonate; TIPS: Triisopropylsilyl 
MEM: Methoxyethoxymethyl; Bn: Ph«iyhnethyl or Benzyl 

10 The organic extracts were dried over sodium sulfate or niagnesium sulfate^ 

The general methods for the preparation of the compounds of fomiula (t) are givai 
below; 

15 A-1: Conversion of acid to amide 

To derivative (1 mmol), was added thionyl chloride (12.6 mmol) and a few drops 
of DMF. The reaction mixture was refluxed for 2 h and concentrated in vacuo to obtain 
an oily residue. Ttie residue was dissolved in dichloromethane (3 mL); cooled with ice 
20 water and amine (5 mmol) was added. The reaction mixture was stined at room 
temperature overnight, washed with IN HCl, saturated sodium hydrogen carbonatej 
water, brine, dried and concentrated in vacuo. The product obtained was purified by . 
crystallization or flash column chromatography to furnish the desired anude. 

25 A-2: Conversion of add to amide 

To a solution of acid derivative (1 mmol) in dichloromethane (10 mL) at 0 °C 
was added triethylamine (3 mmol) and ethyl chloroformate (3 mmol). The reaction 
mixture was stirred at the same temperature for 30 min and the corresponding amine (6 

71 
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nunol) was added. The reaction mixture was stirred at room temperature overnight and 
quenched with IN HCL The organic layer was separated, washed with water, brine, dried 
and concentrated in vacuo. The product obtained was purified by crystallization or flash 
coliinm chromatography to funiish 

5 

A-3 : Conversion of acid to amide 

To a solution of acid (1 mmol) in dichloromethane (5 mL) was added 2M oxalyl 
chloride in dichloromethane (2.5 mmol), followed by a drop of DMF. The reaction 

10 mixture was stirred for 2h at room temperature and concentrated hi vacuo. The residue 
was co-ev^orated once with dichloromethane (5 mL) and then dried in vacuo. To the 
residue in dichloromethane (10 mL) were forflier added trielhylamine (3 mmol) and the 
corresponding amine (1.2 mmol). Hie reaction mixture was stirred for 16 h and washed 
with water, brine, dried and concentrated in vacuo. The product obtained was purified by 

1 5 crystallization or flash colunm chromatography to fiimish the desired amide. 

A-4: Conversion of acid to amide 

To a solution of acid (1 mmol) in dichloromethane or THF (10 mL) cooled with 
20 an ice bath was added triethylamine (1.2 mmol) and ethyl chloroformate or isobulyl 
chlorofonhate (1.2 mmol). The reaction mixture was stirred at O^'C for 30 min and the 
corresponding amine (2.5 mmol) was added. The reaction mixture was stirred at room 
temperature overnight and quenched with IN HCl. The organic layer was separated, 
washed with water, brine, dried and concentrated in vacuo. The product obtained was 
25 purified by crystallization or flash column chromatogr^hy to fiirnish the desired amide. 
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A-5: Conversion of acid to amide 

A mixture of carboxylic acid (1 xnmolX amine (LI. mmol), 1- 
hydroxybenzotriazole (I ixmiol) and l-(3-dimetfaylammopropyl>-3*ethylcarbodiiinide 
5 metfaiodide (1.1 mmol) in pyridine (10 mL) was stiired overnight at room temperature 
and was concentrated in vacuo to dryness. The residue obtained was purified by column 
chromatography or used as such for the next step. 

A-6: Reduction of acid to alcohol 

10 

To a solution of acid (1 mmol) in dichloromethane or.THF (10 mL) at 0 was 
added triethylamtne (1.2 mmol) and ethyl chloroformate or isobutyl chloroformate (1.2 
mmol), The reaction mixture was stirred at 0 ®C for 30 min and sodium borohydride 
(1 25 mmol) was added. The reaction mixture was stirred at room temperature overnight 
15 and quenched with IN HGl The reaction mixture was extracted with ethyl acetate. The 
organic layers were combined, washed with water, brine, dried and concentrated in vacuo 
to furnish the desired alcohol. This can be purified further, if needed, by crystallization 
or column chromatography. 

20 A-7: Conversion of acid to amide 

A mixture of carboxylic acid (1 mmol), amine (1 mmol), and 4- 
dimethylaminopyridie (0.12 namol) in xylene (10 mL) was stirred at 80 for 10 min. 
Phosphorus trichloride (1 mmol) was added and the reaction mixture was heated with 
25 stirring at 150 for 2 hr. After coolmg, the product was extracted with EtOAc. The 
organic layers were- combined, washed with water, brine, dried and concentrated in 
vacuo. The product obtained was purified by flash column chromatography to furnish the 
desired amide. 
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B-1 : Conversion of phenolic Iiydroxyl to triflate 

To a phenol (I mmol) in dichloromethane (2.5 mL) was added pyridine (S mmol) 
under a nitrogen atmosphere and cooled to -10 C. To the cold reaction mixture was 

5 added dropwise triflic anhydride (2 mmol) in dichloromethane (2^5 mL) over a period of 
10 mins and allowed to warm to room temperature and stinred for 16 h. The reaction 
inixtuie was quenched with saturated aqueous sodium hydrogen carbonate solution and 
the organic layer was separated. The organic layer was washed with IN HCl, saturated 
sodium hydrogen carbonate, water, brine, dried and concentrated in vacuo. The product 

10 obtained was purified by crystallization or flash column chromatography to furnish the 
desired triflate. 

B-2: Conversion of phenolic hydroxyl to triflate 

15 To a solution of substituted phenol (1 mmol) in DMF (10 mL) was added N- 

phenylbis(trifluoromethanesulphoniniide) (1.1 mmol), and triethylamine (2 mmol) and 
stirred at room temperature overnight The reaction mixture was quenched with ice water 
and extracted twice with ether. The organic layers were combined, washed with brine, 
dried and concentrated in vacuo Xo furnish the desired triflate, 

20 

C: Conversion of acid to IVfEM ester 

To a solution of acid derivative (1 mmol) in DMF (10 mL) was added sodium 
bicarbonate (1.05 mmol), and MEM-G (1.05 mmol) and was stirred at room temperature 
25 for 24 h. The reaction mixture was quenched with ice water and extracted twice with 
ether. The organic layers were combined, washed with brine, dried and concentrated in 
vacuo to fiimish crude product. Purification by flash column chromatography or 
crystallization gave the desired MEM ester. 
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D-1 : Coapling of boronic acid with triflate 

A mixture of triflate (1 mmol), aryl boronic acid (1.5 nnnol), potassium phosphate 
(3 mmol), potassium bromide (2.4 mmol) and tetrakis(triphenylphosphine)palIadium 
5 (0.05 mmol) in dioxane (10 mL) was heated at reflux overnight under an argon 
atinosphere. The reaction mixture was cooled, quenched with water and was extracted 
with ethyl acetate. The organic layers were combined, dried and concentrated in vacuo. 
Purification by flash colunm chromatography or crystallization gave the coupled product 

10 D-2: Coupling of boronic acid with triflate 

A mixture of triflate (1 mmol), aryl boronic acid (2 mmol), sodium hydrogen 
carbonate (3 mmol) and tetrakis(triphenylphosphine)palIadium (0.05 mmol) or 
bis(triphenylphosphine)palladium(II)chloride (0.05 mmol) in DME/water (9:1, 10 mL) 
15 was heated at reflux overnight. The reaction mixture was cooled^ quenched with water 
arid extracted with ethyl acetate. The organic layer was dried and concentrated in vacuo. 
Purification by flash colunm chromatography or crystallization gave the coupled product 

D-3: Coupling of tributylttn derivative with triflate 

20 

A mixture of triflate (1 mmol), tributyltin derivative (3 mmol), 
tetraetfaylanlmonium chloride (6 mmol), and bis(triphenylphosplune)palladium(ir)- 
chloride (0.05 mmol) in DMF (10 mL) was heated at 70 ®C overnight under an argon 
atmosphere. The reaction mixture was cooled, quenched with water (20 mL) and 
25 extracted with ethyl acetate (2X10 mL). The organic layers were combined, dried and 
concentrated in vacuo. Purification by flash column chromatography or crystallization 
gave the coupled product. 
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D-4: Coupling of trimethyltin derivative with triflate 

A mixture of triflate (1 mmol), trimethyltin derivative (3 mmol), and 
bis(triphenylphosphme)palladium(IQchloride (0.05 mmol) in THF (10 mL) was heated at 
5 70 overnight under an argon atmosphere. The reaction mixture was cooled, quenched 
with water and extracted with ethyl acetate (2 X 10 mL). The organic layers were 
combuiedy dried and concentrated in vacuo. Purification by flash column 
chromatography or crystallization gave the coupled product 

10 D-S: Coupling of alkyne with triflate 

A mixture of triflate (1 mmol), triethylamine (4,5 mmol), substituted alkyne (3.5 
xmnoO, and bis(triphenylphosphine)paUadium(IQchIoride (0.05 mmol) in DMF (10 mL} 
was heated at 70 ovemigjit under an argon atmosphere. The reaction mixture was 
15 cooled, quenched with water (20 mL) and extracted with ethyl acetate (2X10 mL). The 
organic layers were combined, dried and concentrated in vacuo. Purification by flash 
coluron chromatography or crystallization gave the coupled product 

B-6: Coupling of boronate ester with aryl bromides 

20 

A mixture of boronate ester (2 mmol),* aryl bromide (1 mmol), potassium 
phosphate (3 mmol) and bis(diphenylphosphinofem>cene)palladium(II)chloride (0.05 
mmol) in DMF (10 mL) was heated at 100 °C for ovemi^t under an argon atmosphere. 
The reaction mixture was cooled, quenched with water (20 mL) and extracted with ethyl 
25 acetate (2 X 10 mL). The organic layers were combined, dried and concentrated in 
vacuo. Purification by flash column chromatography or crystallization gave the desired 
product. 
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D-7: Coupling of boronate ester with aryl bromides 

A mixture of boronate ester (2 mmolX aryl bromide (1 mmol), sodium hydrogen 
carbonate (3 mmol) and bis(diphenylphosphinoferrocene)palladium(II)chloride (0.05 
5 mmol) in DME/water (9:1, 10 mL) was heated at 50-70 for overnight under an argon 
atmosphere. The reaction uiixture was cooled, quenched with water (20 mL) and was 
extracted with ethyl acetate (2 X 10 mL). The organic layers were combined, dried and 
concentrated in vacuo. Purification by flash column chromatography or crystallization 
gave the coupled product 

10 

D-8: Coupling of phenol with boronic acid 

A mixture of phenol (1 mmol), aryl boronic acid (3 mmol), molecular sieves 
(4A°), pyridine (5 mmol), copper(II)acetate (1 mmol) and bis(triphenylphosphine)- 
15 palladiumOPQchioride (0.05 mmol) in dichloromethane (10 mL) was stirred at room 
temperature overnight under an argon atmosphere. The reaction mixture was cooled, 
filtered througjhi a pad of Celite and concentrated in vacuo. Purification of the crude by 
flash column chromatography gave the coupled aryl ether. 

20 D*9: Coupling of trimethyltin derivatiye with triflate 

To a solution of triflate (1 mmol), LiCl (4 mmol), PPhs (0.15 nmiol), CuBr (0.2 
mmol), and bis(triphenylphosphine)palladium(n)chloride (0.07 g) in DMF (10 mL) under 
an atmosphere of argon was added trimethylstannyl compound (0.8 mmol) and a crystal 
25 of 2,6-di-r-butyl-4-methyIphenol. After the mixture was stirred at 90 °C for 3 h, a second 
portion of aryl-trimethylstannyl compound (0.5 mmol) was added. The reaction mixture 
was stirred at 90 °C overnight. Water was added and extracted with ethyl acetate. The 
organic layer was dried (MgS04), concentrated and purified by flash column 
chromatography or crystallization to furnish the desired coupled product. 
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D-10: Coupling of amine yvith triflate 

A mixture of triflate (0.75 mmol), amine (0.9 mmol), potassimn phosphate (LI 
5 mmol), 2-(di-t-butylphosphiiio)biphenyl (0.015 mmol) and tris(dib»)zylideneacetoae) 
dipalladium(O) (10 mg) in DME (10 mL) was heated at reflux overnight under an argon 
atmosphere. The reaction mixture was concentrated in vacuo and the residue was 
purified by flash column chromatography to furnish the desired coupled product 

' 10 D-1 1 : Cdnversion of triflate to cyano compound 

To a solution of triflate (0.84 mmol), zinc cyanide (0.54 mmol), Palladium acetate 
(0.016 mmol), 2-(di-/eit-butylphosphine)biphenyl ( 0.016 nunol) and N-methyl 
pyrrolidine (10 mL) was heated under argon at 160 for 48 h. The reaction mixture 
15 was cooled to room temperature and quenched with water (50 mL). The reaction mixture 
was extracted with ethyl acetate (2 X 25 mL). The organic layers were combined, dried, 
filtered and concentrated in vacuo. The residue obtained was purified by flash column 
chromatography to furnish the desired cyano compound. 

20 D-12: Coupling of tetravinyltin with triflate or halide 

To a solution of aryl triflate or bromide (1 mmol) in DMF (5 mL) were added 
LiCl (5 mmol), tetravinyltm (2 mol), and dichlorbis(triphen34phosph]ne)pa]ladium (H) 
(0.01 mmol). The reaction mixture was stirred at 70 under nitrogen for 5 h and then 
25 diluted with ethyl acetate and filtered. The organic layer was washed with water and 
brine and dried (MgS04). After evaporating the solvent in vacuo, the con^^ound was 
purified by flash-colurain chromatography to give the desired product 
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E: Oxidatioii of aryl aldehyde to acid 

A mixture of aldehyde (1 mmol), tert-hutaaol (5 mL), water (2 mL) and 
acetonitrile (1 mL, additional amount may be added until ihe reaction mixture was 

5 homogenous) was stirred at room temperature. The solution was cooled in ice-batti and 
2-methyl-2-butene (1 mL), sodium chlorite (6 mmol) and sodium dihydrogenphosphate 
(1.6 mmol) WCTe added. The reaction mixture was stirred at room temperahire for 2 h. If 
the solid s^arated out, the mixture was filtered to collect the solid, the desired product 
if no solid separated out, then the reaction mixture was concentrated in vacuo to remove 

10 acetonitrile, diluted with water (10 mL) and extracted with elhyl acetate (2 X 10 mL). 
The orgamc layers were combmed, washed with water, brine, dried and concentrated in 
vacuo to furnish crude acid. Purification was achieved, if needed, by oTstallization or 
using flash colunan chromatogri^hy to obtain pure add. 

15 E-2: Oxidation ofvinyl compound to add 

To a solution of vinyl compound (1 mmol) in acetone (5 mL) was added KMn04 
(4 mmol). The reaction mixture was stiired for 3 h (die reaction is exotiiermic, and 
refluxed on its own during the addition of KMn04). The reaction mixture was diluted 
20 with methanol and watea: and filtemL The organic solvents were evirated in vacuo 
sa& the aqueous layer was acidified to pH 1 and extracted several times with ethyl 
acetate/DME. The combined organic layers were dried (MgS04) to fiirnish tiie desired 
acid. 

25 F: Conversion of aromatic add to MEM ester 

To a solution of aromatic acid (1 mmol) in THF (10 mL) was added 
diisopropylethylamine (2 mmol) and 2-methoxyeflio3q^ediylddoride (1.1 mmol). The 
reaction mixture was stirred a room tenq>erature for 3 h and diluted with ether (25 mL). 
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The reaction mixture was washed with water (10 mL), brine (10 mL), dried znd 
concratrated in vacuo to obtain product as colorless oil. The product was purified by 
flash column cbromatogr^hy to furnish desired product. 

S G: Conversion of aromatic benzyl ether to aromatic phenol, benzyl ester to acid, 
benzyl carbamate to amine, allcene to alkane, azide to amine, nitro to amine, and 
oxime to amine 

To a solution of appropriate substrate (1 mmol) in ethanol (10 mL) was added 
10 10% palladium on carbon (10-wt%). The reaction mixture was hydrogenated at 50 psi 
for 2 to 24 h (until all starting material disappeared as confirmed by MS and TLC 
analysis). Thecatalystwasremoved by filtration through a pad of CeUte under nitrog^^ 
The filtrate was cdiicentrated m vacuo to furnish the product^ which was purified by flash 
colunm chromatography or crystallization. 

15 

H: Conversion of aromatic acid to benzyl ester 

To a solution of aromatic acid (1 mmol) in DMF (10 mL) was added sodium 
bicarbonate (L05 mmol), and benzyl bromide (L05 mmol) and stirred at room 
20 temperature for 24 h. The reaction mixture was quenched with ice water and extracted 
twice with ethyl acetate. The organic layers were combined, washed with water and 
brine, dried and concentrated in vacuo to furnish crude product Purification by 
crystallization or flash column chromatography gaye the desired ester. 

25 I-l: Hydrolysis ofMEM ester to acid 

To a solution of MEM ester (1 mmdl) in DME (8 mL) was added 6 N HCl (2 mL) 
and stirred at room temperature overnight The reaction mixture was neutralized with 
solid sodium hydrogen carbonate (18 nunol) and concentrated in vacuo. The reaction 
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mixture was acidified with 0.5 N HCl (20 mL) and extracted with ethyl acetate (2 X 20 
mL). The organic layers were combined, washed with brine (20 mL), dried and 
concentrated in vacuo to furnish crude product Purification of the crude by flash column 
chromatography gave the product. Altranatively the crude reaction mixture was diluted 
5 with water (10 mL) and concentrated in vacuo to remove DME. The solid obtained was 
collected by filtration and dried in vacuo to fiunish pure acid. 

1-2: Hydrolysis of ester to acid 

10 To a solution of ester (1 mmol) in MeOH (10 mL) was added 1 N NaOH (10 

mmol). The reaction inixture was stirred at room temperature for 2-3 h, filtered throu^ 
plug of cotton, and concentrated m vacuo to remove MeOH. The pH of die aqueous layer 
was adjust^ to below 7. The solid that separated, was collected by filtration, washed 
with water and dried m vacuo to fiimish the desired acid 



IS 



J: Coupling of acid with amino compounds 



To a solution of acid (1 mmol) in DMF (5 mL) was added corresponding amine 
(1,1 mmol) and stirred at room temperature xmtil homogenous. Pyridine (5 mL) was 

20 added to the reaction mixture followed by 1,3-dicyclohexylcarbodiimide (1.2 mmol) and 
stirred ovend^t at room temperature. The mixture was quenched widi 6 N HCl (10 
mL), diluted with ice cold water (10 mL) and extracted with chloroform (2 X 10 mL). 
The organic layers were combmed washed with brine (10 mL), dried and filtered. 
Purification of the crude by flash column chromatography gave the product as a solid. If 

25 the product was soluble in water, then the reaction mixture was concentrated in vacuo to 
remove pyridine and DMF and purified by flash colunm chromatography. 
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K: Reduction of aldehyde to alcohol 

To a solution of aldehyde (1 mmol) in THF (10 mL) was added sodium 
borohydiide (0.4 mmol). The reaction mixture was stiiied for 30 mins and quenched 
5 with glacial acetic acid (0.3 mL), The reaction mixture was diluted with water (10 mL) 
and extracted witti ethyl acetate (2 X 10 mL).. The organic layers were combined and 
washed with brine (10 mL), dried, filtered and concratrated in vacuo to obtain cmde 
product which was purified by flash colunm chromatography. 

10 L: Conversion of vinyl group to diol 

To a solution of vinyl compound (1 mmol) in THF/rert-butanol (1:1, 10 mL) and 
water (2 mL) was added 4-mefhyhnorpholine N-oxide (2.5 mmol) and osmium tetraoxide 
(1 mL, 2.5 wt% in /er^-butanol, 0.1 mmol). The reaction mixture was stirred at room 

15 temperature for 2 h and quenched with saturated aqueous solution of sodium sulfite (5 
mL). The reaction was stirred at room temperature for 30 rmns and diluted with brine (10 
mL) and ethyl acetate (10 mL). The organic layer was separated and the aqueous layer 
was extracted with ethyl acetate (10 mL). The organic layers were combined and washed 
with brine (10 mL), dried, filtered and concentrated in vacuo. The crude product was 

20 purified by flash column chromatography to jfumish the desired diol. 

M : Conversion of diol to aldehyde 

To a solution of diol (1 mmol) m DME/water (9:1, 10 mL) was added sodium 
25 metaperiodate (3 mmol) and stirred at room temperature for 30 min. The reaction 
mixture was quenched with water (10 mL) and extracted with ethyl acetate (2X10 mL). 
The organic layers were combined and washed with brine (10 mL), dried, filtered and 
concentrated in vacuo. The crude product was purified by flash column chromatography 
to fiunish the desired aldehyde. 
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N: Conversion of alcohol to mesylate 

To a solution of alcohol (1 mmol) in DME (10 nxL) was added 
5 dimethylaminopyridine (0.1 mniol)» methane sulfonyl chloride (3 mmol) and 
diisopropyiethylamine or triethylamine (5 mmol). The reaction mixture was stirred at 
room temperature overnight The reaction mixture was diluted with water (10 mL) and 
extracted with ethyl acetate (2 X 10 mL). The combined organic layers were washed 
with brine, dried, filtered and concentrated in vacuo. The residue obtained, was purified 
10 by column chromatography to fiunish the desired mesylate. 

O: Conversion of mesylate to azide 

To a solution of mesylate (1 mmol) in DMSO (10 mL) was added sodium azide 
15 (25 mmol) and heated at 100 **C ovemigjit The reaction mixture was cooled and diluted 
with cold water (25 mL). The reaction mixture was extracted with ethyl acetate (2X15 
mL). The combined organic layers were washed with water (10 mL), brine (10 mL), 
dried, filtered and concentrated in vacuo The residue obtained was purified by column 
chromatography to fiunish the desired azido compound. 

20 

P: Protection of amine as benzyl carbamate 

A mixture of amino compound (1 mmol), benzyl chlorofonnate (2 mmol) and 
triethylamine (10 mL) in pyridme (10 mL) was stirred at room temperature overnight. 
25 The reaction mixture was concentrated in vacuo to remove organic solvents and diluted 
with 0.1 N HCl (10 mL). The product was extracted with chloroform (2 X 10 mL), dried, 
filtered and concentrated in vacuo. The residue obtained was purified by column 
chromatography to fiimish the desired caibamate. 
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Q: Conversion of sUyl protected aDodne to amine 

A mixture of silyl protected amine (1 mmol), tetrabutylammonimn fluoride (1.0 
M in THF, 2 mmol) in THF (10 mL) was stirred at room temperature for 1.5 L The 
5 reaction mixture was concentrated in vacuo and. purified by coliunn chromatography to 
obtain the desiried product . 

R: Protection of amine as ieri-hutyl carbamate 

10 To a solution of amino compound (1 mmol) in acetonitrile (5 mL) was added 

triethylamine (2 minol) and BOC anhydride (1.2 mmol). Hie reaction mixture was 
stirred for 2 h and -concentrated in vacuo. Water was added to the residue and extracted 
with ethyl acetate. The organic layer was washed with brine» dried (MgS04), and the 
solvit was evsqporated in vacuo to fuxmsh tert-butyl carbamate. If needed, the product 

IS was purified by crystallization or colunmchroniatography. 

S: Conversion of /err-butyl carbamate to amine 

To a solution of ^er^butyl carbamate (1 mmol) in dichloromethane (10 mL) was 
20 added trifluoroacetic acid (2 mL). The solution was stirred at room teiiq)erature for 4 h 
and concentrated in vacuo. The residue was purified by column chromatogr^hy or 
crystallization to give the desired amine. 

S-2: Conversion of rerf-butyl carbamate to amine 

25 

To a solution of tert-hwtyl carbamate (1 mmol) in methanol (13 mL) was added 6 
N HCl (8.75 mL, 52 mmol) and water (4.25 mL). The reaction mixture was stirred at 
room temperature for 2 days. The pH was adjusted to 7 using cone, ammonium 
hydroxide and the solid that separated out was collected by filtration, washed with ether, 
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dried in vacuo to furnish the desired product If no solid separated out, the product was 
isolated by extraction with chloroform and evaporating the organic layer. 

T: Protection of aldehyde as acetal 

5 

To a solution of aldehyde (1 mmol) in ethanol (5 mL) was added triethyl 
orthoformate (1.4 mmol), ammonium nitrate (0.2 mmol) and stirred at room temperature 
overnight (if reaction was not complete by TLC and NMR analysis of an aliquot, the 
reaction mixture was heated at 50 °C until complete). After completion of the reaction, 
10 the mixture was quenched with triethylamine (0.2 mmol) and concentrated in vacuo to 
r^ove ethanol. The residue was dissolved in ether, filtered to remove any insoluble 
inorganic impurities, and evaporated to dryness. The product obtained was used as such 
without further purification. 

15, U-1: Conversion ofbromide to boronic acid 

To a mixture of bromo compound (1 mmol) in ether (10 mL), cooled to —78 ^C, n- 
butyl lithixmi (1.2 nunol) was added dropwise and the reaction mixture was stirred for 30 
mins after the addition was completed. Tributyl borate (1.3 mmol) in ether (10. mL) was 

20 added to the reaction and stirred at -78 °C for 2 h. The reaction mixture was allowed to 
warm to 0 and quenched mfb 2 M HCl (10 mL). The reaction mixture was stirred at 
•room temperature for Ih and cooled with ice. The aqueous layer was separated and the 
organic layer was extracted twice with IN NaOH (2 X 10 mL). The basic extracts were 
combined and washed with ether (10 mL). The basic layer was acidified to pH 4 using 6 

25 N HCl and the solid that separated out was collected by filtration, washed with water and 
hexane and dried in vacuo to furnish boronic acid as a solid. If no solid product is 
obtained then the basic layer was extracted with ether (2 X 10 mL). The organic layers 
were combined, dried and concentrated in vacuo to funiish boronic acid. 
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Synthesis of boronic acid by ortho iithiation of aryl aldehyde 

To a solution of NJ^J^'-trimethylefliylenediamine (1 nimol) in THF/ether (10 
mL, 1 :1) cooled to -20 **C was added dropwise, over a period of 15 mins, n-butyl lithium 

5 (1 mmol) and stirred at -20 ®C for 15 mins, Alddiyde (1 mmol) at -20 ®C was added 
dropwise over a period of 10 mins to this mixture. Ilie reaction mixture was further 
stiired for 15 tning at -20 °C followed by the addition of n-butyl lithium (2.8 mmol) 
dropwise over a period of 15 mins and stirred at 4 °C overnight The reaction mixture 
was cooled to -40 and tributyl borate (5.6 mmol) in ether (20 mL) was added to the 

10 reaction and stirred at 4 °C for 12 h. The reaction mixture was allowed to warm to 0 
and quenched with 2 M HCl (3 mmol) and heated at reflux for 2 h and added to ice water 
(25 mL). The aqueous layer was separated and the organic layer extracted twice with IN 
NaOH (2 X 10 mL), The basic extracts were combined and washed with ether (10 mL). 
The basic layer was acidified to pH 3 using 6 N HQ and the solid that sq>ar^ 

15 collected by filtration, washed with water and hexane and dried in vacuo to furnish 
boronic acid as a solid. If no solid product was obtained, then the basic layer was 
extracted \^th etiier (2 X 10 mL). The organic layers were combined, dried and 
concentrated in vacuo to furnish boronic acid. 

20 U-3: Synthesis of boronic acid by ortho iithiation of aryl acetal 

. To a solution of aryl acetal compound (1 mmol) in ether (10 mL) at -78 °C, tert- 
butyl lithium (1.1 mmol) was added dropwise and the reaction mixture was stirred for 3 h 
at -20 **C after the addition was completed^ Tributyl borate (1.2 mmol) m ether (10 mL) 
25 was added to the reaction and stirred at -20 °C for 1 h. The reaction mixture was allowed 
to warm to 0 ®C and quenched with 2 M HCl (10 mL), The reaction mixture was stirred 
at room temperature for Ih. The aqueous layer was separated and the organic layer was 
extracted twice with IN NaOH (2X10 mL). The basic extracts were combined and 
washed with ether (10 mL). The basic layer was acidified to pH 4 using 6 N HCl and the 
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solid that sq)arated out was collected by filtration, washed with watCT and hexane and 
dried in vacuo to furnish boronic acid as a solid If no solid' product was obtained then 
the mixture was extracted with efher (2 X 10 mL). The organic layers were combined, 
dried and concentrated in vacuo to furnish boronic acid. 

5 . 

V-1: Demethylation of aryl methyl ether to phenol 

In a round bottom flask (50 mL), pyridine hydrochloride (lOg) was heated in an 
oil bath at 180 After the entire solid had melted, the corresponding aiyl methyl ether 

10 (1 mmol) was added in smaU portions over a period of 20 min. The reaction mixture was 
heated at 180 °C for 4 h, cooled and quenched with water (100 mL). The reaction 
mixture was extracted with ethyl acetate (3 X lOmL). The combined organic layers were 
washed with brine, dried over M^Qa, concentrated to give phenol. This can be further 
purified if needed by crystallization or column chromatography. 

15 ' 
V-2: Demethylation of aryl methyl ether to phenol 

To a solution of aryl ether (1 mmol) in dichloromethane (10 mL) cooled to -78 °G 
was added boron tribromide (3 mmol). The reaction mixture was allowed to warm to 

20 room temperature overnight and quenched with wat^ (10 mL). The solid obtained was 
collected by filiation to give the desired product More product was obtained after 
evaporation of the organic layer and washing the residue with water. Alternatively, if a 
homogenoiis biphasic mixture was obtained on addition of water, the organic layer was 
separated, washed with brine, dried over MgS04, and concentrated to give the desured 

25 phenol. This can be further purified if needed by crystallization or column 
chromatography^ 
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V-3: Demethylation of aryi methyl ether to phenol 

To a solution of aryl methyl ether (1 mmol) in dichloromethane (5 mL) was added 
AICI3 (8.5 mmol), The reaction mixture was heated to reflux for 12 h under nitrogen. To 
5 fljis mixture was added 12 mL of 1 N HCl slowly and the orgaiiic layer was separated. 
The aqueous layer was re-extracted several times with ethyl acetate/DME. The combined 
organic layers were washed with brine, dried CMgS04), and evaporated in vacuo to 
furnish the desired phenol, which was purified by column chromatogratphy. 

10 V^: Demethylation of aryl methyl ether to phenol 

to a stirred slurry of NaH (2 mmol) in anhydrous toluene (5 mL) under nitrogen 
atmosphere was added paia-thiocresol (2 mmol) dissolved in toluene (40 mL). The 
mixture was stirred at room temperature for 30 min and hexameihylphosphoric triamide 

15 (2 mmol) in toluene (5 mL) was added dropwise over a pOTod of 30 min. A solution of 
aryl ether (1 mmol) in toluene (5 mL) was added in one portion. The reaction mixture 
was stirred at reflux for 9.5 h, cooled to room temperature and diluted with ethyl acetate 
(40 inL). The organic layer was extracted with 1 N aqueous NaOH solution (2 X 20 mL). 
The basic layer was acidified to pH 5 and extracted with ethyl acetate (2 X 20 mL). The 

20 organic layers were combined, washed with water, dried (MgS04) and concentrated in 
vacuo. The residue obtained was purified by flash column chromatography to 
desired phenol compound. 

W: Conversion of acid to methyl ester 

25 • 

Amixture of acid (1 mmol), cone. H2SO4 or cone HCl (0.5 mL) andmethanol (10 
' mL) was heated at reflux for 16'h. The mixture was concentrated to half of its volume 
and the residue poured into a saturated sodium bicarbonate solution. The precipitate was 
collected by filtration, washed with water and dried to give the desired eister. If the ester 
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did not come as solid, it was extracted with ethyl acetate. The organic layer was dried, 
filtered and concentrated to give the desired ester. 

W-2: Conversion of acid to ester 

5 • " . ' . 

A solution of methanolic HQ or ethanoUc HCl was prepared by the addition of 
acetyl chloride (1 niL) to methanol/ethanol (9 mL) at G ''C and stirred for 30 mins. To the 
solution of anhydrous methanolic HCl was added acid (1 mmol) and stirred at room 
temperature (or reflux if needed) overnight. The reaction mixture was concentrated to 
10 dryness in vacuo and the residue was purified by column chromatography or 
crystaUization to furnish the desired ester. 

X: Conversion of phenol to alkyi aryl ethers or alkylation of amines 

15 To a solution phenol or amine (1 mmol) in DMF (10 mL) was added cesium 

carbonate (1.25 nunol) and correspondmg bromide (1.1 mmol). The reaction mixture 
was stirred at room temperature overnight and quenched with water (25 mL). The 
product was extracted with etiier (2 X 25 mL), the organic layers were combined and 
washed with water (25 mL), brine (25 mL), dried and concentrated in vacuo to furnish 

20 cmde product. The crude was ^purified by crystallization or flash column 
chroniatography. 

Y: Conversion of nitrOe to hydroxycarbamimidoyl 

25 To a solution of nitrile compound (1 mmol) in ethyl alcohol (10 mL) was added 

hydroxylamine (50% iaqueous solution, 5 mmol). The mixture was stirred at reflux for 2- 
5 h. The reaction mixture was concentrated in vacuo to furnish the desired 
hydroxycarbarnirnidoyl compound. 
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Z: Opening of aromatic methylene dioxy compound with alcohol 

A solution of potassium tert-butoxide (2.25 mmol) in DMS0 (1 .25 mL) was 
heated at 50 ""C for 30 min. Methanol (1.25 inL) was added to it and continued heating at 
5 50 for 30 min. To the reaction mixture was added 1,2-methylenedioxy aromatic 
compound (I mmol) and continued heating at 50 for 30 min. The reaction mixture 
was copied to room temperature and quenched with water (10 mL) and 1 N sodium 
hydroxide (1 6 mL). The reaction m mixture was washed with ether (2X10 mL) and 
acidified tapH 4 using cone HCl. The solid obtained was collected by filtration to 
10 furnish the desired product 

Opening of aromatic methylene dioxy compound with alcohol 

To a mixture of methylene dioxy compound (1 nimol) in HMPA (2.5 mL) were 
1 5 added sodium methoxide (2.5 mmol) and heated with stirring a:t 1 50 for 1 2 min. The 
mixture was cooled and poured into ice water (20 mL), NaOH (30 mg) and stured for 1 0 
min. It was then extracted with ether and the aqueous layer was acidified to pH 4 with 
HCl and extracted with ether. The later ethereal extracts were combined, dried and 
concentrated. The residue was purified by crystallization or column chromatography. 
20 . 

AA: Conversion of amine to amide in the presence of a phenol 

To a solution of amino compound (1 mmol) m pyridine (5 mL) was added, 
dropwise, acid chloride (2 mmol) at 0 ^^C under N2. The mixture was stured for 45 min 
25 and was then poured into ice water and acidified with 1 N HCl. The precipitated solid 
was collected by filtration, washed with IN HCl, hexane, and then dried in vacuo to give 
crude product. The crude product was added to fi*eshly prepared sodium methoxide 
solution (0.1 M, 10 mL) and stirred for 30 min at room temperature. The reaction 
^ mixture was quenched with acetic acid (1 mmol) and concratrated in vacuo. The residue 
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was dissolved in ethyl acetate and washed with water. The water layer was extracted 
with ethyl acetate, and the combined organic layers were washed with brine, dried 
(MgS04) and evaporated to yield a solid The solid was washed with hexane and dried in 
vacuo to furnish the desired amide. 

5 . 

AB-1 : Conversion of amino of amidine to amino carbamate 

To ainidine compoimd (1 mmol) was added 0. IN NaOH (1 0 mL) and stirred at 
room temperature for 5 min. The reaction mixture was concentrated in vacuo and to the 

10 residue was added alkyl or aryl 4-nitrophenyl carbonate (2 mmol) in 20 mL of 

hexamethylphosphoramide and stirred at 45 °C for 24 h. The reaction was quenched with 
water (100 mL) and extracted with ethyl acetate (2 X 100 mL). The combined extracts 
were washed with water (100 mL) and brine (100 mL), dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo. The residue obtained was purified by flash 

15 column chromatognqphy to fiuiiish the desired product 

AB-2: Conversion of amino of amidine to anuno carbamate 

To a solution of amidine compound (1 mmol) in acetonitrile (25 mL) was added 
20 triethylamine (5 mL) and aryj/alkyl cUorofonnate (2 mmol) or dialkyl/aryl carbonate. 
The reaction mixture was stirred at room temperature for 16 h and quenched with water 
(100 mL). The reaction mixture was extracted witti ethyl acetate (2 X 100 mL). The 
combined extracts were washed with brine (100 mL), dried over anhydrous magnesium 
sulfate, filt^ed and concentrated in vacuo. The residue obtained was purified by flash 
25 column chromatography to fmiiish tiie desired product 
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AC: Conversion of aldehyde to oxime 

To a stirred solution of aldehyde (1 mmol) in ethanol (10 mL) was added pyridine 
(10 mL) and hydroxylamine hydrochloride (L2S nunol). The reaction ndxture was 
S stined overnight at room temperature under nitrogen and then concentrated in vacuo to 
one third of its original volume. Water (10 mL) was added and the precipitated solid was 
collected hy filtration and dried in vacuo. The product was used as such for next step 
without further purification. 

10 AD: Debeuzylation in the presence of aldehyde 

To a solution of phenyl methoxyaryl aldehyde (1 mmol) in dichloroinethane (10 
mL) cooled to -78 was added dropwise under a nitrogen atmosphere boron tribromide 
(IM solution in dichloromediane, 1 .2 mmol). The reaction mixture was allowed to warm 

15 to room temperature and stirred at room temperature overnight The reaction mixture 
was quenched with water (10 mL) and flie layers were separated. The aqueous layer was 
extracted with chloroforai (10 mL). The organic layers were combined, washed with 
brine (10 mL), dried, filtered and concentrated in vacuo to furnish crude product 
Purification of the crude by flash colmnn chroinatography furnished the desired phenolic 

20 aldehyde 

AE-1: Reductive amination of aldehyde 

To a stirred solution of aldehyde (1 mmol) in methanol (40 mL) was added amine 
25 (3 .3 mmol) followed by the addition of glacial acetic acid (0.3 mL). The reaction mixture 
was stirred for 30 min under nitrogen at room temperature, and then sodium 
cyanoborohydride (1.5 mmol) was added. After stirring for 20 min, the solvent was 
evaporated in vacuo, and the residue was taken in ethyl acetate. The organic layer was 
washed vwth water, and the insoluble material was removed fiom flie organic layer by 
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filtration. The pH of the aqueous phase was adjusted to 7 with IN NaOH and was 
extracted twice with ethyl acetate. The combined organic lay&rs were washed with brine 
and dried (MgS04). The solvent was evaporated in vacuo to furnish crude product The 
cmde product was purified by crystallization or flash column chromatography. 

5 ~ 

AE-2: Reductive anunation of aldehyde 

To a mixture of aminoarylamidine (1 .2 mmol), 4A^ molecular sieves, and sodium 
hydroxide (1 N solution in anhydrous methanol, 1.2 mL, 1 .2 mmol) in methanol (10 mL) 

10 was added a solution of aldehyde (1 mmol) in THF (10 mL). The reaction mixture was 
heated for IS mins at reflux temperature and was cooled to room temperature. Acetic' 
acid (1 %) and sodium cyanoborohydride (1 M solution in THF, 5 mmol) was added to 
the reaction mixture and stirred at room temperature overnight The reaction mixture was 
quenched with 1 N NaOH (30 mmol) and stirred for additional 2 h and concentrated in 

15 vacuo to remove methanol. The mixture was diluted with water (15 mL) and washed 
with ether (2x10 mL). The aqueous layer was acidified to pH 2 using 6 N HCl and the 
sohd that separated out was collected by filtration, washed with ether, dried in vacuo to 
furnish product, which was purified by flash column chromatography, if needed. 

20 A£-3: Reductive amination of aldehyde 

A mixture of aminoarylamidine (2 mmol), 4A^ molecular sieves, pyridine (6 mL) 
in methanol (9 mL) was heated at 50 for one hour. A solution of aldehyde (1 mmol) 
in methanol (7.5 mL) containing acetic acid (1 %) was added and continued heating for 4 
25 h to 12 h. The reaction mixture was cooled and sodium cyanoborohydride (1 M solution 
in THF, 5 mmol) was added to the reaction mixture and stirred at room temperature 
overnight. The reaction mixture was quenched with 5 N NaOH (30 mmol) and stirred for 
additional 2 k The reaction mixture was filtered througji Celite (to remove molecular 
sieves) and concentrated to remove methanol The mixture was diluted with water (15 
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mL) and washed with ether (2 X 10 mL). The aqueous layer was filtered and solid 
obtained was kept aside (mainly product). The aqueous layer was acidified to pH 2 
using 6 N'HCl and the solid that separated out was collected by filtration. The combined 
splid materials were purified, if needed, by flash column chromatography. 

5 

AE-4: Reductive amination of aldehyde 

To a mixture of aldehyde (1 mmol) and aminoarylamidine (1.1 mmol) in MeOH 
at room temperature was added triethyl amine (2.75 mmol), sodium cyanoborohydride 

10 ' (0.83 mmol) and zinc chloride (0.9 mmol). The reaction mixture was stirred at room 
tempGntmo overnight and concentrated to remove methanol. The reaction mixture was 
quenched with 1 N NaOH (10 mL), diluted with water (10 mL), and extracted with 
EtOAc (5 X 20 mL). The combined organic extracts were washed with brine (1,5 mL), 
dried (MgS04), filtered through Celite and concentrated to give the product Purification 

15 of the cmde by flash column chromatography gave the desired product. 

AE-5: Reductive amination of aldehyde 

To a solution of amine (1.2 mmol) in MeOH (10 mL) was added aldehyde (1 
20 mmol) in THF (10 mL) containing acetic acid (0.1 mL) drop-wise. The mixture was 
stirred at 50 for 4-12 h and then cooled to room ten^erature. Sddium 
cyanoborohydride (1.5 mmol) was added to the reaction mixture and stirred at room 
temperature overnight. Water was- added and pH of the solution was adjusted to 7. The 
solution was extracted with ethyl acetate. The organic layer was dried (MgS04) and 
25 evaporated in vacuo. The residue was purifeid by flash column chromatography to 
fiunish the desired aiiiine. 
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AF-1: Synthesis of amidine from Qxtrile 

Acetyl chloride (5 inL) was added to mefhanol (5 mL) at 0 °C drop-wise and 
stiired at loom temperature for 15 mins. To this solution of methanolic HQ was added 
5 nitrile compound (1 mmol) and stirred at room temperature overnight The reaction 
mixture was concentrated m vacuo and dried. The residue obtained of the resulting 
methyl imidate was dissolved in methanol (10 mL). Dry ammonia gas was bubbled into 
the reaction mixture at reflux temperature for 5 h. The reaction mixture was concentrated 
to furnish the required amidine. 

10 

AG: Addition of Grignard reagent to aryl aldehyde 

To a solution of aryl aldehyde (1 mmol) in THF (15 mL) cooled to -78 ®C was added 
drop wise under a nitrogen atmosphere, vinyl magnesium bromide (1 M solution in THF, 

15 5 mmol). The reaction mixture was allowed to warm to room temperatiire and stirred for 
48 h. The reaction was quenched carefully with saturated aqueous ammonium chloride 
solution (1 0 mL) and extracted with ethyl acetate (2 X 10 mL). The organic layers were 
combined, washed with brine (10 tnL), dried and concentrated in vacuo. The residue 
obtained was piuified by flash colunm chromatography to obtain the desired addition 

2D product 

AG-1: Synthesis of tribntylvinyltin compounds from vinyl bromide containing 
hydroxy] 

25 To a solution of vinyl bromide with hydroxyl (1 mmol) in dichloromethane (20 

mL) was added teW-butyldimethylsilyl chloride (1.5 mmol) and DMAP (1.5 mmol) and 
stinred at room temperature overnight. The reaction mixture was quenched with water 
(20 mL) and the aqueous layer separated. The organic layer was washed with 0.1 N 
aqueous HCl (10 mL), brine (20 mL), dried and concentrated in vacuo to furnish 
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corresponding te/t-butyldimethylsilyloxy compound as an oil which was used as such for 
the next step. 

To a solution of the above oily residue (1 mmol) in diethyl ether (20 mL) cooled 
5 to -78 °C was added dropwise /ert-butyllithiiun (1 •? M in pentane, 2 mmol) over a period 
of 15 mins. The reaction mixture was stirred at -78 for 3 h and quenched at -78 °G 
with 2 N aqueous sulfuric acid (2 mL) and water (18 mL), The reaction mixture was 
neutralized using 2 N NaOH and the organic layer was sq^arated. ITie organic layer was 
washed with water (20 mL), brine (20 mL), dried and concentrated in vacuo. Purification 
10 of the cmde residue obtained by flash column chromatogr^hy furnished the desired 
tributyltin compound. 

AG-2: Synthesis of tributylmetbyltia compounds from arylmethyl bromides or aUyl 
bromides 

15 

To lithium clippings (10 mmol) in THF (10 mL) cooled to -40 was added 
dropwise tributyltin chloride (0.27 mL, 1 mmol) in THF (5 mL) over a period of 15 min. 
The reaction mixture was allowed to warm to room temperature and stirred for 16.h. The 
reaction mixture was filtered through glass wool to remove insoluble impurities and 

20 cooled to -40 A freshly prepared solution of arylmethyl bromide or allyl bromide (1 
mmol) was added dropwise over a period of 10 mins and stirred at ix}om temperature 
overnight. The reaction mixture was quenched with saturated aqueous ammonium 
chloride solution (10 mL) and extracted with ether (2 X 10 mL). The organic layers were 
combined, washed with brine (10 mL), dried, filtered and concentrated in vacuo to 

25 fiimish desired tributyltinalkyl and was used as such without ftirther purification. 
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AG-3: 4-Broino-5-forinyl-beiizo[l,3IdioxoIe-2-carboxyUc acid methyl ester 

To a mixture of 2-bromo-3,4-dihydroxy-beii2aldehyde (2.17 g, 10.0 mmol) and 
K2CO3 (5.56 g, 40.2 mmol) in n-propanol (25 mL) was added dibromoacetic acid (2.18, 

5 10.0 mmol) and the mixture was heated at reflux temperature for 24 h. After cooling to 
room temperature, another portion of dibromoacetic acid (1.75 g, 8.0 mmol) was added. 
The mixture was stirred at reflux for 46 h. w-PropanoI was evaporated and water (30 mL) 
was added. The resulting aqueous solution was acidified to pH 2 by adding 1 N HCl and 
extracted with ethyl acetate (3 X 100 mL). The combined organic layers were dried 

10 (MgS04) and ev^orated in vacuo to afford crude 4-bromo-5-foimyl-beii2o[l,3]dioxole- 
2-caiboxylic acid (1.34 g) as a brownish solid. This crade product was dissolved in 
anhydrous methanol (SO mL) and cone. H2SO4 (5 mL) was added drop by drop. The 
resulting mixture was refluxed overnight and cooled to room temperature. Water (50 
mL) was added and the resulting aqueous solution was extracted with ethyl acetate (100 

15 mL X 3). The combined organic layers were dried (MgS04) and evaporated in vacuo. 
The residue was piuified by flash column chromatography (ethyl acetate:hexane = 5:95) 
to furnish 4-bromo-5-formyl-benzo[l,3]dioxole-2-caiboxylic acid methyl estCT 
solid. 

20 AH: Synthesis of tert-butyl ester of phenol 

To a solution of phenol (1 mmol) in pyridine (10 mL) was added 2,2-dimethyl- 
propionyl chloride (1.2 mmol) dropwise. The mixture was stirred at room temperature 
for overnight and diluted with water (100 mL). The reaction mixture was extracted with 
25 ethyl acetate (3 X 50 mL). The organic layers were combined and washed with aqueous 
0.5 N HCl (100 mL), water, brine, dried (MgS04) and concentrated in vacuo. The crude 
residue was purified by flash colunm chromatography to fiuiush 
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AI: Preparation of l-bromo-S-hydroxy benzaldehyde 

To a solution S-hydroxybenzaldehyde (Aldrich, 101.39 g, 805 mmol) in 
chlorofonn (1000 mL), was added bromine (45 mL, 845 mmol) in chloroforai (200 mL) 
5 drop wise over a period of 2 h at room temperature. The reaction mixture was stirred at 
room teirqperature overnight and filtered to collect crude 2-bromo-5-hydroxy 
benzaldehyde (32 g) as a dark brown solid. The filtrate was concentrated to 200 mL, 
filtered through a pad of Celite and silica gel (40 g) and washed with ether (1000 mL). 
The filtrate was cpnceDtrated in vacuo to give a second crop of the cmde desired 

10 aldehyde (60 g) as a dark brown solid The above solids were combined and dissolved in 
glacial acetic acid (360 mL) by heating. Water (840 mL) was added and the solution was 
filtered hot. The solution was allowed to attain room temperature and kept in a 
refiigerator overnight The crystals obtained were collected by filtration and washed with 
water, dried overnight in vacuo to fiimish (60 g, 37%) of the desired product as a purplish 

15 brown crystalline solid, mp: 135 ^C. 

AJ-1: Amidine from nitrile 

A mixture of nitrile (1 mmol) and hydroxylamine (aqueous 50%, 1.8 mL) in 
20 EtOH (15 mL) was refluxed for 3 h and concentrated in vacuo. To ttie residue obtained 
was added EtOH (20 mL), acetic acid (2 mL) and a small amount of Raney nickel. The 
reaction mixture was hydrogenatfsd (50 psi) for 14-24 h, filtered and concentrated in 
vacuo. The residue obtained, wais purified by flash column chromatography to obtain the 
corresponding amidine. 

25 

AJ-2: Amidine from nitrile 

A mixture of nitrile (1 mmol) and saturated methanolic HCl solution (freshly 
priepared by bubbling HCl gas or prepared in-situ by premixing methanol and acetyl 

98 



wo 02/34711 



PCTAJSOl/32582 



chloride at ice cold temperature) was stirred at room temperature overnight The reaction 
mixture was concentrated in vacuo to fiiixiish methyl imidate. To the residue of methyl 
imidate was added MeOH (40 mL) and ammonia gas was bubbled at reflux temperature 
for 16 h or till the reaction was complete. The reaction mixture was concentrated in 
5 vacuo and dried to furnish the desired amidine. Alternatively, the methyl imidate was 
dissolved in methanol and ammonium acetate (10 mmol) was added. The reaction 
mixture was concentrated in vacuo and purified by flash column chromatography to 
obtain the corresponding amidine. 

10 AJ-3: Amidine from nitrile 

To a solution of nitrile (V nimol) dissolved in methanol (5 mL) was added N- 
acetyl cystein (0,1 or 1 mmol) and ammonium acetate (5 mmol) and heated at reflux till 
the reaction was complete. The reaction mixture was concentrated in vacuo and puriBed 
15 by flash colmnn chromatography to obtain the corresponding amidine. 

AK: Conversion of aryl triflates or halides to boronate ester 

To dicMoro[I,r-bis(diphenylphosphino)ferrocene]palladium (II) dichloro* 
20 mefliane adduct (0.75 mmol) under argon in dioxane (100 mL) was added ar^ triflate (25 
mmol)^ pinacolborane (31.5 mmol) and triethylamine (75 inmol). The reaction mixture 
was heated under argon at 100 for 3h or until complete as evidenced &om TLC 
analysis. The reaction mixture was concentrated in vacuo. The residue obtained was 
purified by flash column chromatography to fiimish the desired boronate ester. 
25 Alternatively, flie following method can be used, 

To dichloro[l,r-bis(diphenylphosphino)ferrocene]palladium (D) dichloro- 
methane adduct (0.03 mmol), l,l'-bis(diphenylphosphino)ferrocene (0.03 mmol) under 
argon ia dioxane (100 mL) was added aryl triflate (1 mmol), bis(pinacolata)diboron (1.1 
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mmol) and potassium acetate (3 inmol). The reaction mixture was heated under argon at 
100 °C for 3h or until complete as evidenced from TLC analysis. The reaction mixture 
was concentrated * i/i vacuo. The residue obtained was purified by flash column 
chromatography to furnish the desired boronate ester. 

The examples of the compounds prepared are given in the following tables. The 
tables describe the compounds, their method of preparation, the starting material, and the 
analytical data. In some cases, where analytical data have not been given, those 
compounds were characterized at the later step in the synthesis. 
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Analytical Data 
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Characterized in the next step 
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Analytical Data 


(DMSO-d*): 5 10.49 (s, 1 H), 8.99 (br s, 1 H), 
H). 8.07 (d, J= 8.3 Hz, 1 H), 7.87 (d. 9.0 
7.77 (m, 2 H), 7.66 (m, 3 H), 7.38 (d, /= 7.7 
7.29 (d, J= 7.7 Hz, 1 H), 6.88 (dd, 7= 10.7 and 
1 H), 6.03 (d, J= 17.4 Hz, 1 H), 5.41 (d, J= 
1 H), 3.56 (s, 3 H), 1.43 (s. 9 H); MS (ES"): 








'HNMR 
8.31 (5. 1 
Hz,2H), 
Hz,lH), 
17.7 Hz, 
10.9 Hz, 
542.1 
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Analytical Data 


'H NMR (DMS0-d6): 5 12.51 (br s, 1 H). 9.59 (s, 1 H). 9.22 (s, 1 
H), 8.79 (s, 1 H), 8.58 (t, 7- 5.5 Hz, 1 H). 8.17 (s. 1 H), 7.67 (m, 
8 H). 7.12 (m. 2 H). 6.86 (dd, /= 10.9 and 17.7 Hz, 1 H). 5.98 (d, 
y= 17.7 Hz, 1 H), 5.38 (d, 7= 10.9 Hz, 1 H), 3.27 (m, 4 H), 1.20 
(t, 7= 7.2 Hz, 1 H), 1.09 (t, /= 7.2 Hz, 1 H); MS (ES*): 485.3 
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3.53 (s, 3 H). 2.20 (d. 7= 7.0 Hz. 2 H), 2.07 (m, 1 H), 
0.94 (d. 7= 6.3 Hz, 6 H). 
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Analytical Data 
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The following non-limiting examples are presented to further illustrate the present 
invention. 

2'-[({4-[Amino(inuno)methji]phenjd}amino)carbonyl]-4- 
[(isobutylaniino)caibonyl]-4'-thien-2-yl.l,r.biphOT^^ acid 

2*-[({4-[Amino(iniino)methyl]ph€nyl}amino)cari>onyl]-4- 
[(isobutylamino)caibonyl]^^thienO-yl.l,r-biphenyl-^^ 

24({4-[Anmo(iniino)methyl]phenyl}amino)cari)onyl]-4- 
[(isobutylamino)carbonyI].l,r:4\l"-teiphenyl-2-cari)oxylic acid 

24({4-[Anamo(in3dno)metfayl]phenyl}anuno)carbonyl]-4'-^^ 
[(isobut34amino)carbonyl]-l,r-biphenyl-2-carboxyUcacid 

2- [({4-[Anuno(imino)methyl]phenyl}aniino)carbonyl]-4- 
[(isobutylamino)carbonyl]-4'-pyridin-4-yl.l,r-biphenyl-2^aA 

2*-[({4-[Aniino(imino)methyl]phenyl}amino)carbonyI]-4- 
[(isobutylamino)carbonyl].4'-(lH-pyrrol-2-yl)-Ul^biphm^^^ 

T-[{ {4-[Amino(imino)methyl]phenyl} amino)carbonyl]-4'-[2-(hydroxymethyl)thien- 

3- yl]-4-[(isobutylamino)carbonyl]44-biphenyI-2-carboxylw 

{4-[Aniino(imino)methyl]phenyl}amino)carbonyl]-4*-[3-(hydroxymethyl)^^ 
2-yl]-4-[(isobutylamino)carbonyl]-l,r-biphenyl-2-carboxylicacid 

2'-[( {4-[ Amino(iniino)methyl]phenyl} amino)carbonyl]-4- 
[(isobutylanaino)carbonyl].4'.yinyl-l,r-biphenyl-2H;arboxylic^^^ 
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4'-Anyl-24({4-[ainino(imiiM))mefliyI]phenyl}aniino)car 
[(isobut>damiiio)caibonyl]-l ,l'-bq)hen^-2-caiboxyIate 

2'-[({4-[Ainino(iinmo)methyI]phenyl}ainino)carbonyl]-4- 
[(isobutylamino)caitonyI]^41,3-tMazol-2-yl)-ia'.WphaiyW^ 

2'-l({4-[Alnino(immo)methJd]phenJd}ammo)caAonyl]wt^[3-(hydroxym^ 
furyl]-4-[^sobutylamino)caibonyl]4,l'-biphenyl-2K»ffbojQrIica^^^ 

24({4-[Amino(iimno)methyl]phenyl}animo)carbonyl]-4- 
[(isobutyIaiiiino)carbonyl]-4'-prop-l-ynyI4J'-biphenyl-2-carboxyUcacid 

2'-[({4-[Ammo(imino)methyl3phenyl}amino)carbonyl]-4'-(3-hydroxy-3-methylbut- 
l-ynyl)-4-[(isobutylamino)caAonyl]-l,l'-biphenyl-2-carboxylicacid 

24({4-[Amino(imino)methyl]phenyI}aiiuno)carbonyl]-4-[(3- 
methylbutanoyl)ammo]-4'-vinyl-l,l'-biphenyl-2-caiboxylicacid 

2'-[({4-[Amino(iniino)methyl]phenyl}anuno)carbonyI]-444-hydroxybu^^ 
[(isobutylamino)caibonyl]-l,l'-biphenyl-2-carboxylicacid 

2'-[({4-[Amino(imino)methyl]phenyl} amino)carbonyl]-4- 

[(isobutylamino)caibonyl]-4'-[(lB>3-methylbuta-l,3-dienyl]-ia'-biphenyl-2 
cafboxylic acid 

2'-[({4-[Ainmo(imino)me&yl]phenyl}aauno)carbonyl]-443-hydroxypr^ 
4-I(isobutylainino)caibonyl]-l,l'-biphenyl-2-cari)oxyIicacid 



273 



wo 02/34711 



PCT/USOl/32582 



24({4-[Ainino(immo)methyI]phenyl}ainmo)caibonyl]-4H2-fu^ 
[(propylaimno)carbonyl]-l,l'-biphenyI-2-cari)oxyIicacid 

2^[({4-[Aimno(iimno)methyI]pheayl}ammo)carbonyl]-4-[(sec- 
butylammo)caibonylH4^fmyl).l.l«^iphenyl-2.carbox3dicacid 

2-[({4-[Amino(immo)methyI]phenyl}animo)carbonyl]-4H2-furyl)^ 
trifluoroe%l)ammo]carbonyl}-l,l'-bipheayl.2-cari)oxylic acid 

2'-[({4-[Ainmo(imino)methyl]phenyl} amino)carbonyl]-4'-(2-furyl)-4- {[(4- 
hydroxybutyl)aniino]carbonyl}-l,r-biphenyl-2-carboxyUcacid 

2'-[({4-[Amino(immo)methyl]phenyl}ammo)carbonyl]-4-[(ethy^^ 
(2-fuiyl)-l , 1 -biphOTyI-2-carboxylic acid 

2'-i;({4-[Amino(iniino)methylJphenyi}ainino)cari)onyI]-4- 
[(isobutylaimno)carbonyl]-5'-methoxy4'-vinyl.l,r-biphenyl-2-carboxylicacid 

2'-[( {4-[Amino(imino)methyl]phenyl} amino)carbbnyI]-4- 
[(isobutylainino)caibonyI]-4Hthien-2-yImethyl).l J^biphenyl-2.caiboxyB^ acid 

2-{3-[({4-[Amino(imino)me%l]phOTyI}amino)caibonyI]pyridin-4-yl}-5- 
[(isobutylaniino)caibonyl]benzoic acid 

2'-[({4-[Amino(iinino)methjd]phaqrl}aniino)caibonyl]-4- 
[(cyclopentylamino)caibonyl]-4'-vinyl.l,r.biphenyl-2-cart)oxylic acid 
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2'-[({4-[Ammo(iinino)methyl]phenyl}ammo)carbonyl]-5'-ett^^^ 
[(isol>utylaniino)caAonyl]-4'-vin3^-l,l'-biphenyl-2-cai^ 

Methyl 24({4-[({[(acetyIoxy)metfaoxy]caibonyI}aniino)(iinmo)methyI]^^ 
amino)carbonyI]-4-[(isobutyIammo)carbonyIK-vmyI-14'-bi^^^ 

Methyl 24({4-[{[(benzyloxy)carbonyl]ainmo}(immo)methyl]pheQyl}ainino) 
caibonyl]-4-[(isobutylamamo)carbonyl]-4'-vinyl-ia'-biphenyl-2-cari^ 

N'-{4-(Amino(inimo)methyl]phenyl}.N8-isobutyl-6-oxo-6^ 
1,8-dicaiboxatnide 

24({4-[Ammo(imino)methyl3phenyl}amino)methyl]-4-[(isobutylainmo)^ 
4'-vinyl- l,l'.biphenyl-2-carboxylic acid 

2'-({[4-(4,5-Dihydro-lH-imida2ol-2-yl)phenyl]amino}caTbonyl)-4- 
[(isobutylaiiiino)carbonyl]-l,l '-biphenyW-carboxylic acid 

2'-[({4-[Amino(imino)methyl]pheaQyl}amino)carbonyI]-4- 
[(isobutyIaniino)carbonyl]-5'-thien-2-yi.l,r.biphenyl-2-caibbxyUcacid 

2'-[({4-[Amino(imino)methyl]phenyI}amino)carbonyl]-5H2-ainino-2-K>xoeaioxy)-^ 
[(isobutylamino)carbonylJ-l,l'-biphenyI-2-caiboxylic add 

2'-[({4-[Ainino(imino)methyl]phen^}aniino)carbonyl]-4'-ettioxy-4- 
[(isobutyIamino)caibonyl]-l,r.bipheiiyl-2-carboxyIic acid 
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2- {5^({4-[Ainino(iinmo)methylJphenyl}amino)caibonyl]-U-b^ 
[(isobu^daiiuno)caibonyl]bei]zoic acid 

24H{4-[AmmoCimmo)melliyI]phenyi}aniino)ethyl]^[(k^^^ 
l,r-biphaiyl-2-caiboxylic acid 

3- [2-(({4-[Ainino(imino)methyl]pHenyl}amino)carbonyl]-4-(ben^ 
[(isobutylamino)carbonyl]pyridiQe-2-carboxy]ic acid 

3-[2-(4-CarbamiinidoyI-phenylcaibamoyI)-4-yinyl-phenyl]-64sob 
pyridine-2-carboxyiic acid 

2'.[(5-Carbaniiinidoyl-pyridin-2-ylamino)-metliyI]-4-isobutylcaibamoyl^^^^ 
biphenyl-2-carboxylic acid 

2^{[4-(N-Hydroxycarbaniinudoyl)-phenyIaininoJ-methyl)-4-isobutylcarbamoy^ 
vinyl-biphenyl-2-carboxylic acid 

2'-{[4-(N-Hydroxycarbamimidoyl)-phenyIaminG]-methyl}-4-isobutylcaibam^ 
viiiyl-bipheayl-2-carboxylic acid methyl ester 

3- {2-[(4-Caitaminudoyl-phenylamino)-metiiyl]-4-vinyl-pheii^} -6- 
isobutylcaibamoyl-f yridine-2-carbox^c acid 
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10 



Biological Assay Methods 
In Vitro Assay for Inhibitioo of TF/FVIIa 

To assess the inhibition of the test compounds against the target enzyme, 
TF/FVHa, an amidolytic assay based upon the absorbance of p-Nitroanalide (pNA) at 
OD405 was utilized. The IC50 of ttie test compounds was detennined by using KC4A data 
reduction software (Bio-Tek Instruments) to interpolate percent inhibition foan observed 
Vmax values. 



TF/FVHa assay reactions were performed in a 200 mixtare containing 4 nM 
FVna, 10 nM Upidated tissue fiictor, m an assay buffer containing 100 mM Tiis, pH 7.2, 
150 mM NaCl, 5 mM calcium chloride, 0.1 % bovine serum albumin CBSA), and 10% 
dimethyl sulfoxide (DMSO). TF and FVUa were aUowed to equiKbrate at room 
15 temperature for 15 minutes. Test compounds dissolved in DMSO were incubated at 
varied concentrations with TF/FVIk for 10 minutes, jfoUowed by addition of 500 DM 
substrate Spectrozyme-FVIIa. Reactions were incubated for 5 minutes at room 
temperature prior to measuring the change m OD40S nm for 10 minutes at 21 second 
mtervals vwth a Powerwave x ^io-tek Listruments) microplate reader. 

20 

In Vitro Assay for Human Thrombin 

This colorimetric assay was used to assess the ability of the test compounds to 
mhibit the human thrombm enzyme. IC50 of the test compounds was determined by 
25 using KC4A data reduction software (Bio-Tek histruments) to interpolate percent 
inhibition from observed Vmax values. 



Thrombin assay reactions were performed in a 200 pL mixture containing human 
thrombin at (1 U/mL) m an assay buflFer containing 100 mM HEPES, 10 mM calcium 
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chloride, and 10 % DMSO, pH 7.S. Test confounds dissolved in DMSO added to 
tiirombin enzyme reactions at varied concentrations, followed by the addition of substrate 
Na-Benzoyl-Phe-Val-Arg p-Mtroanilide at a final concentration of 1 mM. Reactions 
were incubated for 5 minutes at room temperature prior to measuring the change in OD40S 
5 nm for 10 minutes at 21 second intervals with a Powerwave x OBio-Tek Instruments) 
microplate reader. 

In Vitro Assay for Human Trypsin 

10 This enzymatic assay was employed to evaluate the ability of the test compounds 

to inhibit human pancreatic trypsin. IC50 of the test compounds was determined by using 
' KC4A data reduction software (Bio-Tek Instruments) to interpolate percmt inhibition 
from observed Vmax values. 

15 Trypsin assay reactions were performed in a 200 |iL mixture containing human 

pancreatic trypsin at 1 fig/mL in an assay buffer containing 200 mM triethanolamine 
(TEA), 10 mM calcium chloride, 10 % DMSO, pH Test compounds dissolved in 
DMSO were added to trypsin enzyme; reactions at varied concentrations, followed by the 
addition of substraite Na-Bcnzoyl-L-Arginine p-Nitroanilide (L-BAPNA) at a final 

20 concentration of (0.25 mg/wL). Reactions were incubated for 5 minutes at room 
temperature prior to measuring the change in OD40S nm for 10 minutes at 21 second 
intervals with a Powerwave x (Bio-Tek Instruments) microplate reader 
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Biological Data 

IC50 Values of Some Selected Compoands on Different Serine Protease Enemies 
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A comparison of Examples with R group and without R group iUustrates the 
greatly-CThanced activity achieved pursuant to the present invmtion. 

Compounds of the present invention are useful as inhibitors of trypsin-like serine 
5 protease enzymes such as thrombin, factor Vila, TF/FVna, and trypsin. 

These conqwunds may be anployed to inhibit the coagulation cascade and 
prevent or limit coagulation. ' 

10 These conq>oimds may be used to inhibit the formation of emboli or throraboli in 

blood vessels. 

These compounds may be used to treat thrombolymphangitis, thrombosinusitis, 
thromboendocarditis, thtomboangitis, and tbiomboarteritis. 

15 

These compounds may be used to inhibit thrombus formation following 
angioplasty. These may be used in combination with other antithrombolytic agents such 
as tissue plasminogen activators and their derivatives, streptokinase and its derivatives, or 
urokinase and its derivatives to prevent arterial occlusion foUowmg thrombolytic therapy. 

20 

These compounds may also be used in matastatic diseases, or for any disease 
whoe inhibition of coagulation is indicated. 

These compounds may be used as diagnostic reagents in vitro for inhibiting 
25 clotting ofbiood in the tubes. 

These compounds may be used alone or in combination with otha- compounds 
such as hq}arin, aspirin, or warfarin and any othw anticoagulant agents. 
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These compounds may be used as anti-inflammatoiy agents. 

According to a fiirtho: aspect of the invention, compounds may be employed in 
preventing ex vivo coagulation such as that encountered in the extracorporeal per&sion 
of blood through for example artificial valves, prothesis. stents or caflieteis. According to 
this aspect of the invention the extracorporeal device may be coated with the 
compositions of the invention resulting in a lower risk of clot formation due to extrinsic 
pathway activation. 

Dosage and Formolation 

The compounds of (Lis invention can be administered by any means that produces 
contact of the active agent's site of action with factor Vila and other serine proteases in 
the body of a human, mammal, bkd, or other animal. They can be admmistered by any 
conventional means, such as oral, topical, transdenmal, parenteral, subcutaneous, 
intraperitoneal, intrapuhnonary, and intranasal, available for use in conjunction with 
pharmaceuticals, either as individual then9)eutic agrats or in a combination of flierapeutic 
agaits. Parenteral infusion includes intramuscular, intravaious, and intraartaial. They 
can be administered alone, but generally administered with a pharmaceutical carrier 
elected on the basis of the chosen route of administration and standard pharmaceutical 
practice. 



The dosage administered will, or course, vary depending upon known factoid, 
such as the pharmacodynamic characteristics of the particular agent and its mode and 
route of administration; the age, health and weight of the recipient; the nature and extent 
of the symptoms, the kind of concurrent treatment; the frequency of treatment; and the 
effect desired. A daily dosage of active ingredient can be expected to be about 0.0001 to 
1000 milligram (mg) per Idlogram (kg) of body weight, with the prefeired dose being 0. 1 
to about 30 mg/kg. 

282 



wo 02/34711 



PCTAJSOl/32582 



Dosage foims (compositions suitable for administration) contain fiom about mg 
to about 500 mg of compound per unit In these pharmaceutical compositions, the 
compound of the present invention will ordinarily be present in an amount of about 0.5- 
5 95% by weight based on the total weigjit of the composition. 

The daily dose of the compounds of the invention that is to be administered can 
be a smgle daily dose or can be divided into several, for example, two, three or four, part 
administrations. The phannaceutical compositions or medicaments of the invention can 

10 be admmistered orally, for example in the form of pills, tablets, lacquered tablets, coated 
tablets, granules, hard and soft gelatin capsules, solutions, syrups, emulsions, suspensions 
or aerosol mixtures. Administration, however, can also be carried out rectally, for 
example in the fomi of suppositories, or parenterally, for example intravenously, 
intramuscularly or subcutaneously, in the form of injection solutions or infusion 

15 solutions, microcapsules, inq>lants or rods, or percutaneously or topically, for example m 
the fonn of ointments, solutions or tinctures, or in oth^ ways, for example in the form of 
aerosols or nasal sprays. 

Gelatin c^sules contain a compound of the present invention and powdered 
20 carriers, sudi as lactose, starch, cellulose derivatives, biocompatible polymers, 

magnesium stearate, stearic acid, and the like. Sumlar diluents can be used to make 
compressed tablets. Both tablets and capsules can be manufactured as sustained release 
products to provide for continuous release of medication over a period of hours. 
Compressed tablets can be sugar coated to mask by unpleasant taste and protect the tablet 
25 from the atmosphere, or enteric coated for selective disintegration in the gastrointestinal 
tract. 



Liquid dosage forms for oral administration can contain coloring and flavoring to 
increase patient acceptance. They may also contain buffering agents, surfactants and 
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preservatives. Liquid oral products can be developed to have sustained-release 
properties. They may also contain cyclodextrin derivatives to enhance the solubility of 
the active mgredient and to promote its oral iqjtake. 

5 In gKietal, water, a suitable oil, saline, aqueous dextrose (glucose), aiid related 

sugar solutions and glycols such as propylene glycol or polyethylene glycols are suitable 
carriers for paraiteral solutions. Solutions for parenteral administration preferably 
contain a water-soluble salt of the active ingredient, suitable stabilizing agents, and, if 
necessary, buffering agaits. Antipxidizing agents such as sodium bisulfite, sodium 
10 sulfite, or ascorbic acid, either alone or combined, are suitable stabilizing agents. Also 
used are citric acid and its salts and sodium EDTA. In addition, parenteral solutions can 
contain preservatives, such as benzalkonium chloride, methyl- orpropylparabai, and 
chlorobutanoL 

15 Suitable pharmaceutical carriers are described in Renungton's Pharmaceutical 

Sciences, Mack Publishing Company and in the Han<fljook of Pharmaceuticals 
Excipients, American Pharmaceutical Association, both standard referaice texts in this 
field. 

!0 IJsefiil pharmaceutical dosage forms for administration of the compounds 

according to the preseit invention can be illushated as follows: 

Hard Shell Capsulfcs 

5 A large number of unit capsules are prepared by filling standard two-piece hard 

gelatin capsules each with 100 mg of powdered 1500 mg of lactose, 50 mg of cellulose, 
and 6 mg of magnesium stearate. 
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Soft Gelatin Capsules 

A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed 
oil, or oUve oil is prepared and iiyected by means of a positive displacement pump into 
5 molten gelatin to fonn soft gelatin capsules containing 100 mg of the active ingredient 
The capsules are washed and dried. Ihe prodrug can be dissolved in a mixture of 
polyetfaylene.gIycol. glycerin and sorbitol to prepare a water miscible medicine mix. 

Tablets 

10 

A large number of tablets are prepared by conventional procedures so that the 
dosage unit was 1 00 mg of active ingredient. 0.2 mg of colloidal silicon dioxide. 5 mg of 
magnesium stearate, 275 mg of microcystalline ceUulose, 1 1 mg of starch, and 9.98 mg 
of lactose. Appropriate aqueous and non-aqueous coatings may be applied to increase 
15 palatability improve elegance and stability or delay absorption. 

TmniPdiaf A Release Tablets/Capsules 

These are solid oral dosage forms made by conventional and novel processes. 
20 These units are taken orally without water for immediate dissolution and delivery of the 
medication. The drug is mixed containing ingredient such as sugar, gelatin, pectin, and 
sweeteners. These Hquids are solidified into soUd tablets or caplets by freeze drying and 
solid thermoelastic sugars and polymers or effervescent components to produce porous 
matrices intended for immediate release, without the need of water. 

25 

Moreover, the compounds of the present invention can be administered in the 
form of nose drops, metered dose nasal or buccal inhalas. The drug is delivered ftom a 
nasal solution as a fine mist or from a powder as an aeros6I. 
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10 



In another embodiment of the invention, a compound of the invention can be used 
in an assay to identify the presence of factor VHa and other serine protease or to isolate 
. factor VHa and other serine protease in a substantiaUy purified form. For example, the 
compound of the invention can be labeled with, for example, a radioisotope, and the 
labeled compound is detected using a routine method useful for detecting the particular 
label In addition, d compound the invention can be used advantageously as a probe to . 
detect the focation or amount of fector Vila and other serine protease activity in vivo, in 
vitro or ex vivo. 

Various modifications of the invention in addition to those shown and described 
herein will be ^parent to those skilled in the art from the foregoing desciiption. Such 
modifications are also intended to fall within the scope of the appended claims. 

The foregoing disclosure kcludes all the mfoimation deemed essential to enable 
those skilled in the art to practice the claimed invention. The forgoing description of the 
invention illustrates and describes the present invention. AdditionaUy, the disclosure 
sho ws and describes only the preferred embodiments of the invention but, as mentioned 
above, it is to be understood that the invention is capable of use in various other 
combinations, modifications, and environments and is enable of changes or 
20 modifications within the scope of .themventive concept as expressed herein, 

coimnensuiate with flie above teachings and/or the skiU or knowledge of the relevant art.. 
The embodiments described hereinabove are finther intended to explain best modes 
known of practicing the invention and to enable others skilled in the art to utilize the 
invention in such, or other, embodiments and with the various modifications required by 
25 the particular applications or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. Also, it is interxded that the 
, appended claims be construed to include alternative embodiments. 



.15 
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What is claimed is 



10 



20 



1- Compound having Che structure (I) shovvnbelow: 

(Ri)_Ei_^ _ ]2_g 



w I ; pharmaceutically 

P acceptable salts thereof, 
yi L y and prodrugs thereof; 



X 



(I) 



15 Each E' and L individually is a 5 to 7 membaed saturated or unsaturated carbon ring, 5 
to 7 membered saturated or unsaturated hetero ring, bicyclic saturated or unsaturated 
carbon ring, bicyclic saturated or unsaturated hetero ring, or 1 -8 hydrocarbon chain which 
may be substituted with one or more hetoo groups selected from N, O, S, S(0), and 
S(02) which may be saturated or unsaturated; 



R is -CH=CH-R^ -C^-R^ -C(R^)=CH2. -C(R^(R3). .CH=NR^ -C(R VN-R^ 4-7 
membered saturated or unsaturated carbon ring system with or without substitution, 4-7 
membered saturated or unsahirated hetero ring system with or without substitution, or 
chain of 2 to 8 carbon atoms having 1 to 5 double or triple bonds with substitutions 
25 selected from R', R^ or R^ Preferably, these R, R\ R^ or do not include -(Ca^ 

alkenyl)-C02-Ci-8 alkyl, -(C2-4 alkenyl>C02-CM alkyl-phenyl, and-(C2u» alkenyl>C02- 
C|^ alkyl-O-CM alkyl; 



R' is H, -R. -NO2. -CN, -halo, -N3. -C ,^ alkyl, -(CHiXCOiK^ -Cz^ alkenyl-C02R^ 
30 -0(CH2)„C02R^ -C(0)NR'R^ -?iO)m\ alkyi substituted telrazol-5-yl, 
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-(CH2)nO(CH2)„ aryl, -NR'r\ ^CHi^ 0R^ -(CRi'k SR\ -N(R')C(0)R\ -S(02)NR'r\ 
.N(R^)S(02)R^ -(CHR\ NR^R^ .C(0)R\ (CH2)„ N(R^)C(0)R^ -N(R=^)CR2r^ 
substituted or unsubstituted (CH2)„-cycloalkyl, substituted or unsubstituled (CHzV 
phenyl, or substituted or unsubstituted (CH2)„-heterocycle which may be saturated or 
unsaturated; 

m is 1 except that when E' is a cycUc ring of more than 5 atoms, then m is 1 or higheri 
depending upon the size of (he lin^ 

R' is H, -halo, -alkyl, -haloattyl, -(CHz^ -phenyl, -(CH2),.3-biphenyl, -(CH2)M-Ph- 
N(S02-C,.2-alkyI)2,-CO(CHR')„-OR'. -(CHR')n-heterocycle, -(CHR')„-1sIH-CO-R', 
-(CHR')n.NH-S02R', -(CHR')„-Ph-N(S02-C,.2-aIkyl)2, -(CHR')„-C(0)(CHR')-NHR', 
-(CHR')„-C(S)(CHR')-NHR', -(CH2)„0(CH2)nCH3. -CF3, -C2.5 acyl. -(CHR')„0H. 
-(CHR')„C02R', "(CHR'VO-alkyl, -(CHR')„-0.(CH2)„-0-alkyI, -(CHR')„-S-alkyl, 
-(CHR')„-S(0)-alkyl. -(CHR')„-S(02)-alIcyl. -(CHR')„-S(02)-NHR\ -(CHRVNj. 
-(CHR^)nNHR'', 2 to 8 carbon atom alkene chain having 1 to 5 double bonds, 2 to 8 
carbon atom alkyne chain having 1 to 5 triple bonds, substituted or unsubstituted- 
(CHR')n hetwocycle, or substituted or unsubstituted-(CHR^)„ cycloalM which may be 
saturated or unsaturated; 

When n is more than 1 , the substitutions R' and R' may be same or different; 

R' is H, -OH, -CN, substituted alkjrt, -Ct^ alkenyl, substituted or unsubstituted 
cycloalkyi, -N(R')R^, or 5-6 membered saturated substituted or unsubstituted hetero ring; 

-NR R may form a ling system having 4 to 7 atoms or may be bicyclic ring; wherein 
said ring system comprises carbon or hetero atoms and further it may saturated or 
unsaturated and also may be substituted or unsubstituted; 
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W is a direct bond, -CHR^-, -CH=CR^-, -CR^=CH-, -CR^<3lS -(>C-, -0-CHR^-, 
-CHR^-O-, -N(R2).C(0)-, -C(0).N(R2K .N(R2).CH-(R').. -CH2-N(R^, 
-CH(R')-N(RV, -S-CHR^ -CHR^-S-, -S(02)-N(R'K -C(0)N(R2)-(aiRV. 
-C(R'rVnR^ -N(R2)-S(02)-, -R^C(0)NRS .R^C(0)NR\ -conr^co-, 
5 -C(=NR^)NR2., -NR2q-^NR2)NR2., -NR2q_^ -NNNTCHRS or -C(0)NR2s02-; 

is 5 to 7 membered saturated or unsaturated caibon ring, 5 to 7 membered saturated or 
unsaturated hetero ring, bicyclic ring system, Ci-g alkyl, Cz^ alkenyl, alkynyl, 
alliylaiyl, aralkyl, aralkenyl, aialikynyl, alkoxy, all^lttiio, or alkylamino; 
10 • 

each X individually is a direct bond, substituted or unsubstituted Cm methylene chain, O, 
S, NR^ , S(0), SCOa), or N(0) containing one or two Cm substituted or unsubstituted 
methylene chains; X at di£ferrat places may be same or diffoent; 

15 

B is H, -halo, -CN, -NH2, -(CH2)„-C(=NR'^^1HR^ -(CHaVNHR*. - 
(CH2)nNHC(=NR'^NR^ KCH2)b-OR*, Cm substituted or unsubstituted alkyl, substituted 
or unsubstituted ring s^tem having 4 to 7 caibon or hetero atoms which may be satmated 
or unsaturated; 

20 

B ' is selected from B; B ' and B may be same or different; 

There may be more than one similar or diffwent R^ groiq)S present on E\ when is a 
cyclic groiq) of more than 5 atoms; p is 1 except that when is a cyclic ring of more 
than 5 atoms, p is 1 or higher depending vptm the size of the ring; 

25 

nisO-4; 

A is selected from R'; 

ois 1 except that when Lis a cyclic ring of more than S atoms, o is 1 or higher depending 
30 i^n the size of the ring; 

289 



wo 02/34711 



PCTAJSOl/32582 



Each V and individually is selected from andN-alkyl substituted caiboxamidyl (- 
CONHR) where the alkyl group may be straight, branched, cyclic, or bicyclic; H^- 
disubstituted caiboxamidyl of the formula -CONR1R2 where Ri and R2 may be 
5 substituted or unsubstituted alkyl or aryl and may be the same or different; mono- or 
disubstituted sulfonamides of the formula SOa^lHR or -SO2NR1R2; and methylene- or 
polymethylene chain-extended variants thereof; 

Each R'* and R^ individuaUy is H, -(CH2)nOH, -C(0)OR^ -C(0)SR^ -(CH2)n 
10 C(0)NR^R^ -0-C(0)-0-R\ an amino acid or a dipeptide; 

Each R^is H, R^ -C(R^)(RV(CH2)„-0-C(0)-R^ -(a^2VC(R^)(RVO-C(0)R^ -(CH2V 
C(R^)(RVO-C(0)-0-R^ or -C(R')(RV(CH2)n-0-C(0)-0-R^; and 

15 Each R^R^ and R^ individually is H, alkyl, substituted alkyl, aryl, substitute 
alkenyl, substituted alkrayl, alkynyl, substituted alkynyl, heterocycle, substituted 
heterocycle, alkylaryl, substituted alkylaryl, cycloalkyi, substituted cycloalkyl, or 
CH2C02alkyl. 
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2. The compound of claim 1 represented by fbs stracture 




10 



wherein R is selected fix)m tiie gn>iq> consisting of 



CHj 



O- 



-OH, -OSQ2CF3, and — 



15 



-CH3 
-CH3 



20 



and R' is selected fiom the group omsisting of 
9H3 H 



CIL H 



N^CH, 
O CH3 




25 



H 



30 



v^^:Y 

O CHj 



CH3 



^ ,-C02MEM, 



H 



35 




H 



CH, 



NOH 



■ r 



40 



CHj CH3 
'^^^^^^^f^ , \ ,and-CH2NH2;and 

CHj ^QJ^ 



pharmaceutically acceptable salts tiiereof; and prodrugs thereof. 
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The compound of claim 1 represented by the structure 



5 




10 wherem R is selected from the groiq> consisting of 

-OBn,OH,-OS02CF3, fi » /^^s,^!^^ . ^.^-^GH^ , 

15 



20 



25 




-OCH3; 



and R' is selected fiom flie groiq) consisting of -CHO, -CO2H, and -CO2MEM; and 
30 phannaceuticallyaccq>table salts fliereo^ and prodrugs thereof. 
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4. The conqwund of claim 1 represented by the structure 

It 

CO^n 




R' 



wheran R is -OSO2CF3; and R' is selected from the group consisting of 



»0 CH 

H 

-CHO, -CO2H, 




O 

IS and prodrugs tiiereof. 



"""^^^V/^Qjj^ ; and phannaceutically acceptable salts thereof; 
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5. The compound of claim 1 represented by the structure 
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20 

and R' is selected from the group consisting of -CHO, -CO2H, and -CO2MEM; and 
phannaceutically acceptable salts thereof; and prodrugs thereof 
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The compound of claim 1 rqwesented by the structure 

NH 
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The compound of claim 1 rqiresented by flie structure 



5 



10 




0 



wherein R is selected from the gro^p consisting of 
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CH3 



CH3 



■0 



10 




15 




.<3 . 



20 



'OH ,and 



^CH,' 



25 



and phannaceutically accqptable salts thoeof; and prodrugs thereof. 
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8. The compound of claim I rq)resented by the structure 



10 




15 



wherein R is selected from the groiq) consisting of 
o 



20 



CH, 



25 




CH.OH HOH,C 



/ _ 



-OBn, -OCH3, and 
prodrugs tha«of. 




30 



; aod phanztaceutically acceptable salts thoceof, and 
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9. The coii5)ound of claim 1 represented by the structure 

NH 



10 




15 



wherein R is selected jfcom the gtoiq> consisting of 



TIPS 



-OSO2CF2 



20 



A 



and R* is -H or ^^^^ I and phaimaceuticaUy acceptable salts thereoJ^ and prodrugs 
thereof. 



25 
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10. The compound of claim 1 represented by the structure 




10 



wherein R is selected fiom the group consistmg of 



-OBn,-OH.-OS02CF3.^^jr} . . ^K^a, and -H; 

0 

15 R' is selected from the group consisting of -CHO, -CO2H, and .CO2MEM; 
and R" is selected from the groiq) consisting of 



20 




-CO2MEM. \ A JL . \ ^N. 



H l"^ f" ?^ 




25 

CH. 



CH, ^ Y CHi' ^CH, 
O 



O 
30 



35 O 

and phamiaceutically accq)table salts thereof; and prodrugs thereof 
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1 1 . The conqwund of claim 1 rq)resented by Hie structure 



5 



10 




wherein R is selected jQpom the group consisting of 

-OBn, -OH, .OSO2C3F3, ^jn^ . -CH=CH2; 

o 

R' is -H or -Boc; and R" is -CO2MEM or -CO2H; and phannaceuticaUy acceptable salts 
thereof; and prodrugs thereof. 
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12. The compound of claim 1 represented by the stmctuie 
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0H 





or NHR'' 



■o- 



or NHR'= — n: 



, and 



-CH, . 




10 



and phannaceutically acceptable salts thereof and prodiugs thereof. 
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13. The compound of claim 1 represented by the structure 
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5 

NHR = NC^^^^^^J . 

10 

and phaimaceutically accqptable salts thereof; and prodrugs thereof 
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14. The compound of claim 1 rq)resented by the structure 




and phannaceutically acceptable salts thereoj^ and prodrugs thereof. 

25 
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15. 



The compound of claim 1 represented by the structure 

NH 



10 




NHBoc 



15 



wherein R is -CH3 and R* is selected from the group consisting of 



20 



25 



CH, 



^CHj 



CH, 



OH 




OH . 



30 



35 



-CH, 



'CH, 




40 



and phannaceutically accq)table salts fliereof, and prodrugs thereof. 



'CH, . 
^CH, ' 
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1 6. The compound of claim 1 represented by die structure 

A R- 

R — ZSl 




10 wh^ein at least one R is selected from the group consisting of 
-OCH3, -OH. -OSO2CF3. -CH=CH2, -OCH2CO2C2H5, 



15 -0CH2CONH2, y , 

s 



20 



CH, 



O 



CH 



3 . 



CH, 



,OAc \ 



25 



O' N .-OBn,-OH,-OS02CF3. 

UAc 



30 



. -OCH3, -OBn, -H, -OBn, and -CH=CH2; 



R' is selected from the gmup consisting bf 
35 NH 



-CHO, -CO2H, -COzMEM, 



40 
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5 




H 

and R" is selected from the group consisting of -H, -CH3 and -Bn; and phannaceutically 
acceptable salts thereof; and piodnigs thereof. 
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1 7. The compound of claim 1 rq)resaited by the structuie 




2 

10 

R'OjC 

6 

wherein at least one R is selected from the group consisting of 

15 

-CH=CH2. -OSO2CF3, -OCH2CO2C2H5, -OCH2CONH2. . 



20 



^O^ ^CHj , "'o'" ,-0-CH2-CH2-OAc, -OH, 




25 CHj 

-OCH2CO2H. -O-CH2-CH2-OH, -CH(0H)CH20H, -CH2OH, -CO2H, 



\ , -OBn, -OH, -OCH3, -OBn, -OH. -OC2H5. 

S 



35 -OB0, -OCH3, and -CH(0H)CH3; and R' is selected from the group consisting of -CH3, 
-CH2C6H5, -Bn, -H; and pharmaceutically accqitable salts hereof; and prodrugs th«^f. 
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18. The compound of claim 1 represented by the structure 



5 



10 




O 

wherein at least one R is selected from the group consisting of -CH=CH2, 
15 -CH(0H)CH2OH, -CH=0, -CHjOH, -CQzH, -OCH3, -CH^CHj; and pharmaceutically 
acceptable salts thereof; and prodrugs thoeof. 
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1 9. The coixq)oiind of claim 1 represented by the structure 




10 wherein R is selected from the group consisting of halo and -B(0H)2; Rl is selected from 
the group consisting of -H, -OCH3, -OBn; R2 is selected from the group consisting of 



1. 



-H.^CH3.-OC2H5,^OCH(CH3)2,and ^ , , 

R3 is selected from the group consisting of -H, -OH, -OBn; and R4 is -OBn or -H; and 
pharmaceutically acceptable salts thereof; and prodrugs thereof: 

20 20. The conapound of claim 1 9 wherein said halo is -Br. 
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2 1 . The conq)oun(l of claim 1 represented by the structure 



s 



10 




0 0 



t 

15 and phannaceutically acceptable salts thereof; and prodrags thereof. 
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22. The compound of claim I represented by the structure 




R' 



5 



RO 



NHR' 



O 




-CH3,-C2H5,-CH(CH3)2, U ; 

^ C(CHj)3 
IS 

R' is selected jftom the group consisting of -OBn, -OH, -OSO2CF3, and -CH=CH2; 
R" is selected fiom the group consisting of -CO2H, -CO2MEM, or -CHO; 

20 

and R*" is selected fix)m the group consisting of 



25 




CH, , 






CH, 



30 




35 




CB^ , and 




;and pharmaceuticaUy acceptable 



[e salts thereof; 



and prodrugs Arareof 
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23. The conq)ound of claim 1 rq)resented by ike stnictoe 



10 




15 wherem R is selected fix>m the group consisting of 

O 

-CH3,-C2H5,-CH(CH3)2, JT ,and-H; 

^ CXCHj), 

20 

R' is -H or alkyl; and R" is selected from the group consisting of 



25 



CH, CH, 



CHj 




30 



and phannaceutically acceptable salts 



35 thereof; and prodrugs thereof. 



24. The compound of claim 23 wherein said alkyl is -CH3. 



319 



wo 02/34711 



PCT/USOl/32582 



25. The compound of claim 1 represented by the structure 



5 



10 




wherein R is selected fiom the group consisting of 
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5 




10 

R' is -H, -CHOH2; and R" is -H or alkyl; and phannaceuticaily acceptable salts th^eof; 
and prodrugs thereof. 

26. The compound of claim 25 wherein said alkyl is -CH3. 
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27. 



Ths compound of claim 1 iq)resented by the structure 

NH 



10 




R'OjC 



\vbBrwi R is selected Scorn, the group consisting of 

" JO. JO. 



CH=CH2, and -H; R* is -H or alkyl; and R" is selected 



20 



from the group consisting of 



25 



CH, * 




CH3 



Boc ^ 



jj I ; and phannaceutically acceptable salts thereof; and prodrugs 
CH3 



and 
30 thereof. 

28. The compound of claim 27 wherein said alkyl is -CH3 



35 
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29. The compound of claim 1 represented by the structure 



5 




wherein N is located at position 3 or 4 in the phenyl ring; R is selected from the group 
consisting of -CHO, -CO2H, and 



15 




20 and R' is -H or aOsyl; and phannaceutically acceptable salts thereof; and prodrugs thereof 
30. The compound ofclaim 29 wherein said alkyl is -CH3. 
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31. 



The coinpouiid of claim 1 represented by the structure 

NH 0 



10 




OR 



IS 



wherein R is selected fix>m the group consisting of 



-CHj, -C2H5. -CHjCeHs. -C(CH3)3, -CHrCClj. 





20 



I CH, 



25 



and R* is -H or alkyl; and phaimaceutically acceptable salts thereof; and prodrugs thereof. 



32. The compound of claim 31 wherein alkyl is CH3. 



30 
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33, The coiiq)pund of claim 1 represented by the structure 




pharmaceutically accq>table salts thereof; and prodrugs thereof 
20 34. The compound of claim 33 wherein said alkyl is -CH3. 
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35. The compound of claim 1 represented by the structure 

5 




NHR" 



10 



wherein at least one R is selected from the group consisting of -CH=CH2, -OCH3, -OBn, 
-OH,and-H;R'is 



15 




20 



R" is selected from the group consisting of 



CH, 



25 



CH 



f ^^^3 > a^id \^CH3 ; and R'" is -H; and pharmaceutically 



30 



acceptable salts thereof; and prodrugs thereof. 
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36. The compoimd of claim 1 represented by the structure 




and R' is -Boc, or -H; and phannaceutically acceptable salts thereof; and prodrugs 
thereof 

20 • 
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37. The conq)ound of claim I tepresented by the structure 




wherein R is -OCH3, -OH, -OSO2CF3. -C(=NH)1SIH2, and -H; 

10 R'is >r Alkyl or-NH2; 
o . 

andR"ishalo,-CH=CH2,-C02CH3,and ; 



»5 NH 



and pharmaceutically acceptable salts thereof; and prodrugs thereof. 
38. The conqMund of claim 37 wha^in said halo is -Br. 



20 
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39. The compound of claim 1 rq>reseiited by the structure 




R' is selected fiom the groq) consisting of -OBn, -OH, -OSO2C3F3, and -CH=rCH2; 
20 • ' 

and R" is -H or alkyl; and phaimaceutically acceptable salts thereof; and prodrugs 
fliereof. 

25 40. The compound of claim 39 wherein said alkyl is -CH3. 
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41 . The conqraund of claim 1 iq)resented by the structure 



5 




R 

wh«iein R is -CO2CH3; and phannaceutically acceptable salts thereoj^ and prodrugs 
10 thereof. 
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42. The compound of claim 1 represeated by the stmcture 




10 wherein R is -H or -CO2H; 



R' is selected from the group consisting of -CHO, -CO2H, and 



IS 




20 



and R" is -H or alkyl; and pharmaceutically accqptable salts thereof; and prodrugs 
thereof. 



43. The compound of claim 42 wherein said alkyl is -CH3, 



25 
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44. Hie compound of claim 1 rq»resented by flie stracture 



10 




wherein R is selected from the group consisting of -CH(0H)-CH20H, -CHO, and 
15 -CH(0H)-CH=CH2; 



20 



R' is -Boc or -H; and R" is -H or aDcyl; and phannaceuticaily acceptable salts thereof; and 
prodrugs thereof. 

45. Theconq)oundofclaim44v*ereinsaidalkyIis-aH3. 
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46, The compound of claim 1 represented by the structure 



5 

wherein R is 

/=\ .NH 




Br 



10 



IS 



^—^ NHj ^ ' NHBoc » 

and phaiDoaceutically acceptable salts thereof; and prodrags thereof. 



47. A phannaceutical composition containing at least one compound according to 
claim 1. 



48. A method for inhibiting serine protease in a patiait which conges 

20 administering to the patient an effective serine protease inhibiting amount of at least one 
con^Mund according to claim 1. 

49. A method for inhibiting tiie coagulation cascade and preventing or limiting 
coagulation by administering to a patient an effective amount of at least one compound 

25 according to claim 1 . 

50. A mettiod for inhibiting the formation of ranboli or thromboli in blood vessels by 
administering to a patient an effective amount of at least one compound according to 
claim 1. 

30 

51. A method for treating at least one condition selected fiom the group consisting of 
thrombolymphangitis, thrombosinusitis, thromboendocarditis, thromboangitis, and 
thromboarteritis which comprises administering to a patient an effective amount of at 
least one compound according to claim I. 
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52. A method for inhibiting thrombus formation following angioplasty which 
comprises administering to a patient an effective amount of at least one compound 
according to claim 1. 

5 

53 . A method for preventing arteria occlusion following thrombolytic therapy which 
comprises administering to a patient an effective amount of at least one compound 
according to claim 1 and an effective amount of at least another antithrombolytic agent 

10 54. The mettiod of claim 53 wherein said other antithrombolytic agent is selected 
from the group consisting of tissue plasminogen activators, strq)tokinase and urokinase, 
and functional derivatives thereof. 

55. A method for treating metastatic diseases which comprises administering to a 
15 patient an effective amount of at least one compound according to claim 1 . 

56. A method of claim 49 which further comprises administering a further 
anticoagulant agent to said patient. 

20 57. ^ The method of claim 56 wherein said further anticoagulant agent is selected from 
the group consisting of heparin, aspirin, and warferin. 

58. A methof for treating a patient in need of an anti-inflammatory agent which 
comprises administering to said patient an effective amount of at least one of the 

25 compounds according to claim 1 . 

59. A method for inhibiting in vitro clotting of blood which comprises contacting said 
blood with at least one conipound according to claim 1 . 
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10 



60. The method of claim 59 which comprises inhibiting said blood in tubes. 

61. An exbaarpereal device haying a coating therein which comprises a compound 
according to claim 1. 

62. A method for detecting future presence of a serine protease which comprises 
contacting a sample with a compound according to claim 1 . 

63. The compound of claim 1 represraited by the structure 



IS 



20 




NHBoc 



wherein R is alkyl and R' is selected from the group consisting of 



25 




30 




CH, 



C3H, 




35 



40 
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2S and phaimaceutically acceptable salts thereof; and prodrugs thereof. 
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